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WARRANTY 


DESIGN OFTHIS MANUAL 


Andeen-Hagerling Incorporated warrants the AH 2500A to 
be free from defects in materials and workmanship and to 
operate within applicable published specifications for a 
period of three (3) years from the date of shipment, provided 
that it is properly used. This warranty does not apply to 
sealed devices which have been opened or to any item which 
has been repaired or altered without our authorization. 

During the warranty period, we will repair, or at our option, 
replace any instrument which fails to meet its published spec¬ 
ifications. 

There will be no charge for parts, labor, or forward and return 
shipment during the first three months of this warranty. 

There will be no charge for parts and labor during the fourth 
through thirty-sixth months of this warranty. Forward and 
return shipping and insurance will be charged during this 
period. 

LIMITATION OF WARRANTY 

THE FOREGOING WARRANTY OF ANDEEN-HAGER¬ 
LING INCORPORATED IS IN LIEU OF ALL OTHER 
WARRANTIES, EXPRESS OR IMPLIED. ANDEEN- 
HAGERLING INCORPORATED SPECIFICALLY DIS¬ 
CLAIMS ANY IMPLIED WARRANTIES OR MER¬ 
CHANTABILITY OR FITNESS FOR A PARTICULAR 
PURPOSE. 

In no event shall we be liable for special or consequential 
damages (including loss of profits). If we are unable, within a 
reasonable period of time, to repair or replace any product to 
a condition as warranted, Buyer shall be entitled to a refund 
of the purchase price upon return of the product, shipping 
charges pre-paid, to us. 

EXCLUSIVE REMEDIES 

THE REMEDIES PROVIDED HEREIN ARE THE BUY¬ 
ERS SOLE AND EXCLUSIVE REMEDIES. ANDEEN- 
HAGERLING INCORPORATED SHALL NOT BE LIA¬ 
BLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCI¬ 
DENTAL, OR CONSEQUENTIAL DAMAGES, 
WHETHER BASED ON CONTRACT, TORT OR ANY 
OTHER LEGAL THEORY. 


This manual was writtten and formatted using FrameMaker 
publishing software running on a network of Macintosh com¬ 
puters. The schematics and block diagrams were drawn using 
FlexiCAD software. Parts layout drawings and the exploded 
view were created using Adobe Illustrator. The remaining 
three-dimensional illustrations were done using Vellum. A 
number of drawings combined results from several of these 
software packages. The graphical specifications were com¬ 
puted using a custom written contour plotting program run¬ 
ning under MatLab software. 

The style chosen for this manual contrasts significantly with 
what is commonly found today. Many of today's manuals put 
very little content on each page and leave large open spaces 
for notes or whatever. Unfortunately, many more pages are 
then required to publish a given amount of material. Much 
more turning of pages is also required to find anything. 

In contrast, the AH 2500A manual style avoids wasting space 
and pages. A two column format ensures that readability is 
not lost. As a result, the entire manual fits in only one binder 
instead of the three binder set that would be required other¬ 
wise. We are especially interested in feedback about this style 
issue. 

FEEDBACK 

We are always eager to receive praise and/or criticism about 
this manual and product. It is your comments and sugges¬ 
tions that have helped guide the content of this manual and 
the design of the AH 2500A. We expect that this process will 
continue with new products. 

We are also very interested in hearing about new ways that 
you have found to put the AH 2500A to use. 

Please feel free to contact us by phone, FAX, or letter with 
your suggestions, comments, criticisms and questions. 
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The following safety precautions must be observed while 
operating and servicing the AH 2500A: 


• This instrument is intended for use by qualified person¬ 
nel who understand electrical shock and other hazards 
associated with electronic instrumentation. Failure to 
observe these precautions and other cautions and warn¬ 
ings in this manual may violate design safety standards 
and intended use of the instrument and may cause injury. 
Andeen-Hagerling Inc. assumes no liability for the cus¬ 
tomer’s failure to comply with these precautions. 

* Do not operate a damaged instrument. If there is any rea¬ 
son to suspect the instrument is physically damaged, 
unplug the instrument and do not use it until safe opera¬ 
tion can be verified by service-trained personnel. 


8 Operating the instrument with externally applied DC 
Bias voltages can cause hazardous voltages to be present 
at the input connections of the instrument. Be certain 
that any external bias voltages are switched off and dis¬ 
charged if necessary before touching, connecting or dis¬ 
connecting the input connectors. 

• For operator safety, the instrument cabinet should be 
grounded. The 3-wire power line cord shipped with the 
instrument provides this protection when plugged into a 
properly grounded power receptacle. Do not attempt to 
defeat the power cord grounding. 

• Operating personnel must not remove the instrument 
covers. Service and internal maintenance adjustments 
are to be made by qualified maintenance personnel. 


Do not substitute parts or modify the instrument. Doin: 
so could violate built-in safety features. 


Throughout this manual, you will see certain safety related 
messages. Their meanings are described below: 


WARNING ! 

WARNINGS call attention to procedures or conditions that 
could cause bodily injury or death. 


CAUTION 

CAUTIONS call attention to procedures or conditions where 
damage to the instrument or irrecoverable loss of data could 
occur. 


NOTE 

NOTES call attention to important procedural details that 
deserve special attention by the reader. 
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Chapter 1 


Description and Installation 


This chapter introduces the major capabilities of the 
AH 2500A capacitance bridge and summarizes its specifica¬ 
tions. It also discusses basic installation and the GPIB and 
serial interface options that are possible. 

GENERAL DESCRIPTION 

The AH 2500A Ultra-Precision Capacitance Bridge is an 
extremely accurate and stable instrument used for precise 
measurement of capacitance and loss 1 . The unparalleled 
accuracy and stability is derived from the use of a carefully 
designed ratio transformer coupled with an extremely stable 
fused-silica standard capacitor that is contained in an internal 
temperature-controlled oven. 

Measurements are made automatically, eliminating the cum¬ 
bersome manual balancing previously associated with preci¬ 
sion capacitance measurements. The bridge can be operated 
as a stand-alone instrument from the front panel controls. It 
can. also be operated remotely from either of the built-in RS- 
232 or GPIB remote device ports. 

The AH 2500A is also available in an Option-E version 
which offers higher precision and significantly enhanced cal¬ 
ibration and verification features. 

APPLICATIONS OF THE BRIDGE 

The AH 2500A Ultra-Precision Capacitance Bridge is 
designed to meet the critical requirements of the calibration 
and research laboratory, as well as those of manufacturing 
and incoming inspection where measurement precision is 
important. Some common applications are: 

• Calibration work including use as a transfer standard in 
primary and secondary laboratories. 

• Fuel gauge calibration. 

• Measurements at cryogenic temperatures. 

• Thermal expansion measurements for any type of matter, 
particularly metals, but also non-metals. 

• Liquid and vapor level measurements. 

• AC resistance measurements to 1000 teraohms. 


1. The term “loss” is used to refer to the component of the imped¬ 
ance which is 90° out of phase with respect to the capacitive compo¬ 
nent. The AH 2500A can report loss in units of conductance, 
dissipation factor, or series or parallel resistance. 


• Displacement and strain measurements. Very small 
changes in dimensions are measurable, approaching the 
diameter of an atomic nucleus. (This is less than a mil¬ 
lionth of the wavelength of visible light.) 

• Quality and characteristics of any insulating medium 
(solid, liquid or gas). The presence of contaminating 
water is particularly easy to detect. See ASTM D150 and 
D924. 

• Research, development and production testing of capaci¬ 
tance or loss based sensors. 

• Measurement of pressures ranging from high vacuum to 
high pressure. 

There are many other applications to which the AH 2500A 
has been applied and to which it could be applied. 

FEATURES OF THE BRIDGE 

The most important features of the AH 2500A are summa¬ 
rized in the sections below. 

Performance Characteristics 

A summary of the AH 2500A specifications is given here. 
Detailed specifications are given in Appendix C, “Perfor¬ 
mance Specifications”. 

• Accuracy of 5 ppm (or 3 ppm with Option-E) 

• Stability better than 1 ppm/year 
(or 0.5 ppm/year with Option-E) 

• True Resolution of 0.5 attofarad (0.000 0005 pF) and 
0.15 ppm (or 0.5 aF and 0.07 ppm with Option-E) 

• Reportable Resolution of 0.1 attofarad (10~ 7 pF) 

• Temperature coefficient of 0.03 ppm /°C 
(0.01 ppm/°C with Option-E) 

• Measures extremely low loss down to a dissipation fac¬ 
tor of 1.5xl0" 8 tan 5, a conductance of 3x10 7 nanosie¬ 
mens or a resistance up to 1.7xl0 6 gigohms 

• Operating frequency is 1.0000 ±0.005% kHz 

• Less than 0.5 second required for full precision mea¬ 
surements. 

• About 40 milliseconds required for repeated measure¬ 
ments on the same sample 

• Negative capacitance and loss ranges measure nega¬ 
tive values to allow for unusual samples or three termi¬ 
nal networks 

• No significant zero offset 
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• Less than 15 minutes warm-up required after power- 
on for full precision 

• Quiet operation is the result of careful thermal design 
which requires no cooling fan. 

Measurement Features 

• Fully self-contained — no external standard or other 
apparatus required for three-terminal measurements 

• Three-terminal BNC connections minimize connector 
costs and number of cables 

• Two-terminal measurements of any ungrounded 
device 

• Commutation (test signal reversal) to minimize external 
power line or other periodic signal pickup 

• Autoranging — one button or command takes all mea¬ 
surements 

• Selectable measurement time to optimize speed vs. 
noise trade-off 

• Test voltage is settable to an upper limit 

• Deviation measurements of capacitance, loss, or both, 
expressed in absolute numbers or as percentages 

• Zero correction of test fixture capacitance and loss 

• DC bias may be externally applied up to ±100 volts 

8 Tracking mode can be entered automatically for 
unknown impedances that start changing rapidly 

• Units of loss are reportable as conductance, dissipation 
factor, or series or parallel resistance 

Interface and Control Features 

• IEEE-488 interface included; external device can serve 
as controller or logger 

• RS-232 interface included; external device can serve as 
controller or logger 

• Non-volatile memory, not DIP switches, used to store 
interface set-up data 

® Flexible reporting formats for data to external devices 

• Programmable commands can eliminate the need for 
an external controller 

• Full or abbreviated commands and error messages in 
English 

• Large displays of capacitance and loss having variable 
brightness and eight digits each 

• External trigger capability 

• Parameter sets allow measurement settings to be stored 
and recalled in groups 

• Sample switch port provides for automated switching 
of unknown sample impedances 
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Calibration and Test Features 

8 Automated internal calibration/verification 

8 Simple calibration/verification against an external, 
traceable capacitor 

« Automated ratio-transformer calibration/verification 
with Option-E 

• Full report of all calibration points with Option-E 

8 Passcode hierarchy for calibration control 

• Self-test diagnostics of processor on power-on 

8 Non-volatile memory used to store virtually all calibra¬ 
tion data; eliminates reliability problems associated with 
trimmers 

• Comprehensive, operator initiated, diagnostic tests of 

measurement circuitry 

• Cable length compensation is available in the few 
cases where this is desirable 

• Oven not ready indicator shows when oven is not 
warmed-up or ambient temperature is too hot or cold 

PATENT INFORMATION 

The AH 2500A is protected by U.S. Patent No. 4,772,844. 

Foreign patents are pending. 


REQUIREMENTS 

Operating Environmental Requirements 

Operating Temperature Range 

0° to 45°C 

Operating Humidity Range 

0 to 85% relative humidity, non-condensing 

General 

Operation should occur in a non-corrosive 
environment while adhering to the operating 
conditions above. 

Storage Environmental Requirements 

Storage Temperature Range 

-40° to +75°C 

Storage Humidity Range 

0 to 60% relative humidity, non-condensing 

General 

Storage in a clean, non-corrosive environment 
while adhering to the storage conditions above is 
sufficient for short or long periods of time. 
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Figure 1-1 AH 2500A external dimensions 


Power Requirements 

Line Voltage 

100, 120, 220 or 240 volts AC ±10% 

Line Frequency 

48 to 440 Hz 

Power Consumption 

25 watts 

PHYSICAL DESCRIPTION 

Dimensions and Weight 

Height 

3.5 inches (8.9 cm) 

Width 

17 inches (43.2 cm) when bench mounted 
19 inches (48.3 cm) when rack mounted 
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Depth 

15 inches (38 cm) deep behind the front panel 

17 inches (43.2 cm) overall 

Weight 

18 pounds (8.2 kg). 

Mounting 

Hardware for rack mounting and a bail and feet for 
bench top use are provided. 

Safety 

Designed in accordance with UL1244, IEC348 
and BS4743. See the safety messages sheet at the 
front of this manual. 

Radiated Emissions 

Designed and tested to meet FCC and 
VDE class A requirements. 
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ITEMS USED WITH AH 2500A 

Items Furnished with the AH 2500A 

The AH 2500A is shipped with the following items: 

1. AH 2500A Automatic Capacitance Bridge. 

2. Power line cord. 

3. Rack mounting kit. 

4. Certificate of calibration. 

5. Passcode sheet. 

6. Operation and Maintenance manual. 

Items Required for Operation and 
Maintenance 

The required items are listed in three groups. The verification 
equipment list and the disassembly tools list stand by them¬ 
selves. The maintenance and diagnostics list requires the 
items in the first two lists also. 

Equipment and Accessories Required for 
Verification or Calibration 

The following test equipment and accessories are required to 
verify or calibrate the AH 2500A: 

1. 0.5 to 1600 pF three-terminal capacitance standard hav¬ 
ing a traceable accuracy of 1 ppm. For Option-E 
bridges, 0.5 ppm is recommended. Andeen-Hagerling 
AH 1100/11A is recommended. See “Obtaining the 
Capacitance Verification Data.” on page 9-9 for a dis¬ 
cussion of what is appropriate. 

2. Andeen-Hagerling DCOAX-1-BNC (or equivalent) 
coaxial cable pair to connect to the device under test. 

3. 1 pF to 1 pF, three-terminal, precision decade capacitor 
(Option-E only). 

4. AC resistance standard having a value of 10 kO with an 
accuracy at 1.0 kHz of 0.005% (0.0025% for Option- 
E). See “Finding a Suitable AC Resistor Standard” on 
page 9-16 for a discussion of what is appropriate. 

5. Digital frequency meter with an accuracy of 0.001 % at 
one kilohertz 

6. Digital multimeter with an AC voltage accuracy of 1% 
and an input impedance of at least 10 megohms. 

Tools Required for Disassembly and Reassembly 

The following tools are required to disassemble and reassem¬ 
ble the AH 2500A: 

1. #2 Phillips head screwdriver. 

2. Torque screwdriver set to 18 in-lb (200 N-cm) with #2 
Phillips head adapter - Utica TS-30 (or equivalent). 
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3. Right-angle torque wrench set to 18 in-lbs (200 N-cm) 
with a #2 Phillips bit. 

4. Right-angle torque wrench set to 75 in-lbs (800 N-cm) 
with a deep 5/8 inch (16 mm) hex socket. 

5. Integrated circuit insertion/extraction tool for 24 & 28- 
pin 1C for replacing firmware. 

6. Small diagonal cutter. 

7. Soldering equipment. 

Equipment and Accessories Required for 
Maintenance and Diagnostic Testing 

1. A 5/64 inch or 2 mm hex key wrench for changing the 
power line voltage selector setting. 

2. Three-terminal, 1000 pF capacitor. If Option-E, use the 
1 pF to 1 pF, three-terminal, precision decade capacitor 
that is required for calibration. 

3. Metered and current limited lab DC power supply vari¬ 
able from 0-250 V. 

4. BNC to dual male banana-plug cable to connect power 
supply to a female BNC jack. 

5. Triggered DC-50 MHz oscilloscope and probe 

6. 2 each BNC “T” Female/Male/Female connectors - 
Pomona 3285 (or equivalent). 

7. Male BNC to dual binding-post adapter - Pomona 1296 
(or equivalent). 

8. 500 BNC resistor terminator - Pomona 3840-50 (or 
equivalent) 

9. One 2 kO and one 10 kO 5% carbon resistor 

UNPACKING AND INSPECTION 

Your AH 2500A was carefully examined and tested before it 
left the factory. If the shipping carton arrives in good appar¬ 
ent condition externally, the bridge and accessories should all 
be present, undamaged and in good working order. Examine 
the shipping carton for signs of visible damage. If the carton 
shows signs of damage, ask that the shipper’s representative 
be present as the carton is unpacked. 


NOTE 

We highly recommend that you save the original packaging 
for re-shipment of the bridge should that ever become neces¬ 
sary. A substantial percentage of bridges shipped in packag¬ 
ing other than the original are improperly packed. Many of 
these are damaged as a result. 


Unpack the bridge and check for damage such as scratches, 
dents and especially cracked or broken front panel handles. 
Verify that the items listed in “Items Furnished with the AH 
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2500A” on page 1-4 are all present. Additional items such as 
a DCOAX-l-BNC coaxial cable may have been ordered. 
Check the packing list that is in the pocket on the outside of 
the shipping box to see if such additional items should be 
present. 

Damaged Shipment Instructions 

If the bridge is damaged, notify both the carrier and Andeen- 
Hagerling. Andeen-Hageriing will arrange for repair or 
replacement of the bridge while a damage claim is being pro¬ 
cessed. Save the shipping carton and packing materials for 
inspection by the carrier or to return the bridge if necessary. 


WARNING ! 

If damage of any kind is visible or suspected, do not attempt 
to operate the bridge until its safety can be verified by a qual¬ 
ified technician. 


INSTALLING THE BRIDGE 

The AI4 2500A is ready for benchtop use as shipped. It has a 
bail on the bottom that can be swung down to raise the front 
of the bridge to a more convenient operating angle. 

The bridge can be converted for mounting in a standard nine¬ 
teen inch equipment rack using the rack mounting hardware 
kit supplied with the bridge. 

Rack Mounting 

To convert the bridge for rack-mounted operation, perform 
the following: 

1. Refer to Figure 1-2. 



Figure 1-2 Cover plate removal 



Figure 1-3 Rack mount adapter installation 


2. Remove the screws holding each of the two small cover 
plates and remove these plates. 

3. Refer to Figure 1-3. 

4. Attach each of the two rack mounting brackets using 
two screws each from the hardware kit. 

5. Remove the bottom feet and the tilt bail. Save the parts 
in case you want to convert back to bench operation. 

6. Install the bridge in the intended rack and secure with 
four screws from the rack mount hardware kit. 

Power Line Cord 

The bridge is shipped with a power line cord appropriate for 
its destination country. Since some countries do not have uni¬ 
form power line connector standards, this line cord may not 
always be correct. If not, replace it with one that is appropri¬ 
ate for your location. 


CAUTION 

It is extremely important that the chassis grounds of all 
equipment being interconnected be properly grounded 
through the power cord of each piece of equipment. Ground 
pins on po wer cords must never be cut off or otherwise 
defeated. Failure to observe this will frequently cause RS-232 
and GPIB ports to be damaged if these ports are 
disconnected while the equipment is plugged in. Damage can 
occur even if the bridge is not powered on. The failure results 
from the ability of power line RFI filter capacitors to cause 
an ungrounded equipment chassis to float to a voltage 
midway between the voltages on the two input power lines. 
This can put the chassis voltage at 50 to 120 volts above 
ground (for line voltages of 100 to 240 volts) with enough 
current capacity to be a shock hazard and to cause damage 
to interface ports. (The AH 2500A does not use such filter 
capacitors, but many other pieces of equipment do.) 
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To change the fuse or voltage selector, proceed as follows: 


WARNING ! 

For operator safety , the bridge cabinet should be grounded. 
The 3-wire power line cord shipped with the bridge provides 
this protection when plugged into a properly grounded power 
receptacle. Do not attempt to defeat the power cord ground¬ 
ing. 


Choosing the Proper Fuse 

There are two fuse current ratings suitable for use in your 
bridge. The correct fuse rating depends on the power line 
voltage that is to be used. The table below relates the power 
line voltage to the correct fuse rating. 


Table 1-1 Power line fuse ratings 


Line voltage 

Fuse rating 

100 or 120 
VAC 

0.5 A slo-blo (Littelfuse 
313.500 or equivalent) 

220 or 240 

VAC 

0.25 A slo-blo (Littelfuse 
313.250 or equivalent) 


The AH 2500A is shipped with a power line fuse that is 
probably correct for its destination country. Since some 
countries do not have uniform power standards, this fuse may 
not always be correct. The fuse should be checked for the 
proper rating in the table above before applying po wer. 


WARNING ! 

Do not ever substitute a fuse having a larger current rating 
than is indicated in the table. A significant fire hazard exists if 
this warning is not heeded. 


Changing the Fuse and Voltage Values 

The AH 2500A incorporates a power line voltage selector to 
quickly configure it for local line voltages. This is located in 
the center of the rear panel as shown in Figure 1-8 on page 
1-10. This voltage selector is set at the factory for the proba¬ 
ble power line voltage for its destination country. Since some 
countries do not have uniform power standards, this line volt¬ 
age setting may not always be correct. 


CAUTION 

The voltage selector setting should be checked prior to 
applying power to the bridge for the first time. 


1. Unplug the power line cord from its receptacle on the 
back of the bridge. Slide the plastic fuse cover to the 
right to expose the fuse and voltage selector circuit 
board. 

2. Rotate the black plastic fuse-pull toward you to remove 
the fuse. This will expose a voltage value (100, 120, 
220, or 240) on the selector circuit board. If the value is 
your desired operating voltage, then the voltage is set 
properly. If you don’t need to change the operating 
voltage, skip to step five. 

3. Remove the voltage selector circuit board with a 5/64 
inch or 2 mm hex key wrench. This is done by putting 
the end of the key into the hole in the circuit board and 
using the bottom edge of the selector module to pry the 
board loose. 

4. Select the desired voltage by orienting the circuit board 
so that the desired voltage value is facing up and is on 
the left side of the circuit board. Push the circuit board 
firmly back into the fuse block. The desired operating 
voltage value will be visible directly below the fuse. 

Rotate the fuse-pull away from you, back into its nor¬ 
mal position. Check the current rating of the fuse you 
removed against the rating given in the table in the pre¬ 
vious section. If the rating is correct, then re-install the 
fuse by pressing it back in. If it is not correct, then 
install, a fuse having the correct rating. Slide the fuse 
cover back over the fuse and plug the power line cord 
into its receptacle. The bridge is ready to power on. 

Checking/Replacing the Fuse 

To check or change the fuse, proceed as follows: 

1. Unplug the power line cord from its receptacle on the 
back of the bridge. Slide the plastic fuse cover to the 
right to expose the fuse. 

2. Rotate the black plastic fuse-pull toward you to remove 
the fuse. Rotate the fuse-pull away from you, back into 
its normal position. 

3. Check the current rating of the fuse you removed 
against the rating given in the table in the previous sec¬ 
tion. If the rating is correct, then use an ohmmeter to 
check the continuity of the fuse. If it is continuous, then 
re-install the fuse. If the fuse rating is not correct or if 
the fuse is open, then install a new fuse having the cor¬ 
rect rating. Note that the fuse must be a slo-blo type or 
you will have trouble with periodic fuse failures. Slide 
the fuse cover back over the fuse and plug the power 
line cord into its receptacle. The bridge is ready to 
power on. 


■ " 1 ' ' . 1 1, 1 . . 5. 
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SERVICE 

Andeen-Hagerling offers full repair and calibration services 
for the AH 2500A. If you are uncertain as to whether your 
bridge needs repair or not, refer to Chapter 9, “Verification/ 
Calibration” where you will find instructions about how to 
verify your bridge's performance. If you are sure there is a 
problem, but uncertain as to whether it might be repairable in 
your own facility, refer to Chapter 11, “Diagnosis and 
Repair”. 

If you conclude that you need to return the AH 2500A to the 
factory for repair or calibration, we ask that you follow the 
simple procedure below: 

1. Call or fax the factory to obtain a Return Authorization 
number. You will be asked what needs to be done to the 
bridge and whom to contact if further information is 
needed by the factory. You will also be asked for the 
five digit serial number of the bridge. This is found on 
its back panel. The phone number to call is 216-349- 
0370. The fax number is 216-349-0359. 

2. Attach a tag or label to the bridge containing the Return 
Authorization number, the name and address of your 
person to contact for additional information, a phone 
number and the work to be done. 

3. Package the bridge as described in “Packaging for 
Shipment” below. 

4. Make two shipping labels. Put one on the outside of the 
carton and one on the inside. Ship the carton to the fol¬ 
lowing address: 

Andeen-Hagerling Inc. 

31200 Bainbridge Road 

Cleveland, OH, 44139-2231 U.S.A. 

5. It is suggested that you insure the bridge against ship¬ 
ping loss or damage. Shipping problems are not cov¬ 
ered under the warranty. 

Packaging for Shipment 

If you need to ship the AH 2500A, it is extremely important 
that there be at least three inches (8 cm) of a compliant cush¬ 
ioning material on all sides of the bridge. The handles which 
are part of the side castings are especially vulnerable if 
proper packing is not used. 

To meet these requirements, a shipping carton that is much 
larger than the bridge itself is required. Using a strong ship¬ 
ping container such as a wood crate will not compensate for a 
lack of adequate cushioning material on all sides. If you do 
not have an adequate shipping container and compliant cush¬ 
ioning material, you can obtain these things from Andeen- 
Hagerling. 


NOTE 

We highly recommend that you use either the original pack¬ 
aging or new packaging from Andeen-Hagerling for any 
shipping of the bridge. A substantial percentage of bridges 
shipped in packaging other than the original are improperly 
packed. Many of these are damaged in shipping as a result. 



Figure 1-4 AH 2500A foam inserts 

If you use Andeen-Hagerling packaging, carefully press the 
foam inserts onto each side of the bridge exactly as shown in 
Figure 1-4. These may be a very tight fit. The bridge with 
foam inserts then goes into the carton as shown in Figure 1 -5. 
The bridge can optionally first be sealed in a polyethylene 
bag for protection against moisture. 
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Figure 1-6 AH 2500A connections to RS-232 devices 


CHOOSING REMOTE DEVICE 
COMMUNICATION OPTIONS 

In addition to operation from the bridge's front panel the AH 
2500A can be operated from a variety of other remote 
devices ranging from simple dumb terminals to mainframe 
computers. Connection to these remote devices can be 
through direct connection to the device or can be indirect 
using a modem and data communications lines. Connection 
to the bridge is made through either the serial (RS-232 or cur¬ 
rent loop) or GPIB (IEEE-488) parallel ports. 

Serial Communication Options 

The serial port allows many possible ways of communicating 
with remote devices. These options are shown schematically 
in Figure 1-6. The arrows in the figure indicate that two of 
the options will only collect data from the AH 2500A (using 
its logging capability). The remaining five options allow 
remote control and data collection from the bridge. The 
options shown are: 


1. A dumb video terminal. This is probably one of the 
simplest devices to connect. It provides a very friendly 
alternative to operation from the bridge's front panel, 
but does not offer any storage capability. 

2. A computer running terminal emulation software. 

This method of operation is very similar to using a 
video terminal except that the software will probably 
allow you to save all communication between the com¬ 
puter and the bridge. If you have used your computer to 
access any dial-up computer services, the same soft¬ 
ware should be able to access your AH 2500A. The sit¬ 
uation is the same whether you are using a personal 
computer or a large mainframe. Naturally, custom writ¬ 
ten software will work also, but terminal emulation 
software will work without modification. 

3. A printing terminal with a serial interface. A print¬ 
ing terminal is useful in much the same way as a video 
terminal except that a printed record of all results is 
produced. Since a printer may be much slower than a 
video terminal, it is a good choice only when a printed 
record is really desired. 
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Figure 1-7 AH 2500A connections to GPIB devices 


4. A serial printer. Any serial printer should work and 
will allow producing a printed record of all front panel 
operations. The AH 2500A's flexible logging options 
are useful here. 

5. A serial data logger. This is a less commonly avail¬ 
able device, but is specifically designed to record data 
in printed or magnetic form. Large amounts of data 
may be recorded in magnetic form. Again, the AH 
2500A's flexible logging options are useful here. 

6. An asynchronous modem up to 9600 baud. Connec¬ 
tion to a modem allows operation with any of the previ¬ 
ously mentioned devices over telephone lines. 

7. A LAN interface. Serial port interfaces are now avail¬ 
able for all common local area network standards. This 
is another way to connect over larger distances to any 
of the devices listed above. 

The specifics of connecting and operating a remote serial 
device with the AH 2500A are discussed in Chapter 7, 
“Serial/RS-232 Remote Operation”. Some serial ports can be 
a challenge to make connection to due to a lack of standard¬ 
ization. However, once connected, most serial links require 
no programming to operate. The bridge is even easier to 
operate this way than from the front panel. 

GPIB Communication Options 

If you wish to use the GPIB interface, you will find it is more 
capable, more complex, and more difficult to learn to use 
than the RS-232 interface. It is not within the scope of this 
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manual to present a tutorial on tire GPIB interface. Many dis¬ 
cussions of the GPIB bus have been published. GPIB con¬ 
trollers will often have good descriptions of the bus in their 
manuals. See the very beginning of Chapter 6, “GPIB/IEEE- 
488 Operation” for specific references. 

The possible options available for operation, of the AH 
2500A with the GPIB are shown in Figure 1-7. The arrows in 
the figure indicate that two of the options will only collect 
data from the AH 2500A (using its talker-only and logging 
capabilities). The remaining option allows remote control 
and data collection from the bridge. The options shown 
are: 

1 . A GPIB controller or a computer having a GPIB inter¬ 
face. This is the most common way to operate instru¬ 
ments with the GPIB bus. 

2. A listen-only printer. Some printers (HP Thinkjet for 
example) are available with GPIB interfaces. These are 
very easy to connect to the AH 2500A. The AH 
2500A’s flexible logging options are useful here. 

3. A GPIB data logger. This is a less commonly available 
device, but is specifically designed to record data in 
printed or magnetic form. Large amounts of data may 
be recorded in magnetic form. Again, the AH 2500A’s 
flexible logging options are useful here. 

The specifics of connecting and operating a remote GPIB 
device with the AH 2500A are discussed in Chapter 6, 
“GPIB/IEEE-488 Operation”. 
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Chapter 2 


Basic and Initial Operation 


This chapter is intended to be helpful if you are using the AH 
2500A for the first-time. It covers familiarization and simple 
single and continuous measurements using the front panel 
keypad and default parameter sets. It then describes some 
experiments to perform to help develop an intuitive grasp of 
the basic measurement concepts of the bridge. If you are 
already acquainted with the basic operation of the AH 
2500A, you can skip this chapter. 


SOME TERMINOLOGY 

There are many terms that have been used to describe the 
impedance to be measured that is connected to the AH 
2500A. Some of the more common of these are: “unknown”, 
“sample”, “unknown sample”, “unknown capacitance”, 
“unknown loss”, “unknown impedance”, and “OUT” 
(Device Under Test). You will find these terms used inter¬ 
changeably in this manual. 


BEFORE APPLYING POWER 

If the bridge is being installed for the first time, be sure that it 
is correctly configured for the proper line voltage and has the 
correct fuse installed. See the sections beginning with 
“Choosing the Proper Fuse” on page 1-6 of Chapter 1, 
“Description and Installation” to check for proper configura¬ 
tion. 


CAUTION 

It is extremely important that the chassis grounds of all 
equipment being interconnected be properly grounded 
through the power cord of each piece of equipment. Ground 
pins on power cords must never be cut off or otherwise 
defeated. Failure to observe this will frequently cause RS-232 
and GPIB ports to be damaged if these ports are 
disconnected while the equipment is plugged in. Damage can 
occur even if the bridge is not powered on. The failure results 
from the ability of power line RFI filter capacitors to cause 
an ungrounded equipment chassis to float to a voltage 
midway between the voltages on the two input power lines. 
This can put the chassis voltage at 50 to 120 volts above 
ground (for line voltages of 100 to 240 volts) with enough 
current capacity to be a shock hazard and to cause damage 
to interface ports. (The AH 2500A does not use such filter 
capacitors, but many other pieces of equipment do. ) 


APPLYING POWER 

Turn the power switch on tire front panel to the ON position 
and wait a few seconds for the words 

[ CPU L-ESt | 

( PRSSE d | 


to appear on the displays. During start-up, the bridge is per¬ 
forming internal self-tests of its processor circuitry. The test 
passed message appears when these tests are successful. 

To make accurate measurements, you must ordinarily wait 
until the OVEN NOT READY indicator stops blinking, but 
for the following experiments, you may begin immediately. 

KEYPAD AND DISPLAYS 

Refer to the actual bridge front panel or to the front panel in 
Figure 2-1 on page 2-3 in the discussion below. 

Front Panel Display 

The AH 2500A uses two eight-digit, seven-segment, LED 
displays to show measurement results and other information. 
Front panel display results are often shown as seven segment 
letters as in. the words CPU i:E St PRSSEd. Notice that 
“CPU tESt PASSEd” has a mixture of upper and lower case 
characters. This is necessary to be able to show letters using 
displays with only seven segments and has no other signifi¬ 
cance. 

Capacitance and Loss Displays 

Most of the time, the upper seven-segment display shows the 
measured capacitance result, usually in picofarads, with a 
floating decimal point. The lower display shows the mea¬ 
sured loss result in one of five units that you can select. These 
are selectable with the UNITS command, an example of 
whose use occurs later in this chapter in the section titled 
“Measuring Loss” on page 2-9. See Appendix A, “Command 
Reference” for further details on how to use the UNITS com¬ 
mand and any other command. 

Both seven-segment displays are also used to show other 
information and error messages. Most information that can 
be sent to a remote device is also reportable on these dis¬ 
plays. This is true even though a line sent to a remote device 
may have as many as 80 characters. Such longer lines are 
reported on the front panel displays by dividing the informa¬ 
tion on the line into smaller portions. These portions can then 
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be shown one at a time on the front panel displays. Reporting 
the contents of a line in this manner is like looking through a 
window at the line. 

For this reason, the term “window” is used in this manual to 
describe the portion of a line currently being shown in the 
displays. The term “line” is used to describe any information 
shown on the front panel that is sent as a single line to remote 
devices. Some lines are dispiayable on the front panel in a 
single window, but others require as many as six windows. 

Status and Units Indicators 

To the right of the seven-segment displays are two groups of 
four LED indicators. The upper group usually shows GPIB 
interface status and internal oven status. The lower group 
usually shows the current loss units. 

The oven status indicator blinks on and off if the oven tem¬ 
perature goes out of range. Blinking is normal for about 15 
minutes after the bridge is first powered on, but can also 
occur if the bridge is in an environment that is too hot or too 
cold. Measurements can be made when this indicator is on, 
but the calibration will not be accurate during such times. 

Front Panel Brightness 

The brightness of the seven-segment displays and of the two 
indicator groups to the right of the seven-segment displays is 
controlled using the BRIGHTNESS command. Individual 
brightness parameters for each display ranging from 0 (off) 
to 9 (brightest) are entered to control the display brightness. 
Examples of how to set the brightness of the front panel dis¬ 
plays are given later in this chapter in the sections titled 
“Qualifier Key Labels” on page 2-4 and in “Setting Display 
Brightness - An Example” on page 2-4. See Appendix A, 
“Command Reference” for a complete description of this 
command. 

Front Panel Keypad 

The AH 2500A may be operated entirely from the front panel 
using the keypad on the right side. 

In this manual, front panel keys are indicated by enclosing 
the key label name, such as | BRiGHTNESSl or jENTER] within 
a box. A given key can have as many as six different labels 
printed on the front panel, but only one will be shown in the 
box. Which label is recognized by the AH 2500A is deter¬ 
mined by the context in which the label is used and that is the 
label that will appear in the box. 

The functions of the key labels can be organized into six dif¬ 
ferent groups. These groups are described in the next six sec¬ 
tions below. 
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Special Key Labels 

The special key labels are j FUN Cl , [enter | , 1 CLEAR! , [del] , 
ft] , r*~l , [~i~| and [*]• Each of these keys performs a special 
and unique function as described below. 

The [FUNCj key (similar to a shift key) allows all other keys 
to have at least one additional label. Labels printed on the 
yellow background above a key require that the | FUNCj key 
be pressed prior to pressing the desired key. Note that the 
IFUNC'I key is to be pressed and released before pressing the 
key having the desired label. The [FUNCl key is different from 
a shift, key in this respect. 

The 1 ENTER! key is used to terminate almost all commands. It 
functions very similarly to the return key on a computer key¬ 
board in this respect. 

The 1CLEARI key label is above the [ENTER! key and is thus 
activated by the key sequence IFUNC1 [CLEAR | . The clear 
function simply aborts the current command entry sequence. 
If you made an entry error, this allows you to start entering 
another command sequence without completing the previous 
one. An example is given in the section titled “Correcting 
Erroneous Input - Examples” on page 2-4. 

The [CLEAR] key is also used to perform the DEVICE 
CLEAR function by pressing |FUNC] | CLEAR | jFUNCI ICLEARj . 
The DEVICE CLEAR function immediately aborts any cur¬ 
rently executing command, command line or program. It is 
explained in more detail in Appendix A, “Command Refer¬ 
ence”. 

The jPEL'l key is used to delete the most recently entered digit 
of a number. Each time it is pressed, it will delete the right¬ 
most digit of any number being entered and shown on the 
display. In a different context, this key also starts the 
DELETE command. The two functions are unrelated. 

The [T], [ ■»! , [T] and jjS] arrow keys are used to view dif¬ 
ferent parts of what can be displayed on the front panel. The 
front panel can display a list consisting of one or more lines 
of data. Each line in the list consists of one or more windows. 
The [T] and [T] keys are used to move up and down through 
the lines of the list. The [*] and [*[] keys are used to move 
left and right through the windows on a given line. If there is 
only one window, then these keys will have no effect. The 
FI key will have no effect while the left-most window is 
being shown. Similarly, the [j*] key will have no effect while 
the right-most window is being shown. Pressing I ENTER! or 
1 'fOnc'I |clear| will initialize the display and inactivate the 
aiTow keys. 

Some kinds of result lines “remember” the last window that 
was being shown so that if that kind of result line is shown 
again, the window last associated with that line will also be 
shown. This is true of measurement, calibration and test 
result lines. It is also true of the windows of a program that is 
being shown. This feature allows you to select a window of 
interest on a result line. That window will then be shown 
every time that kind of result line is shown. 
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Figure 2-1 AH 2500A front panel 





















Command Key Labels 

The following labels are used as the first word of nearly all 
front panel commands that the AH 2500A can execute: 


lALTERNATEl 

Iloggeri 

[AVERAGE TIME! 

[places! 

[BAUD RATEI 

[PROGRAM! 

|DC BIAS| 

IRECALLI 

IBRIGHTNESSl 

[reference 

[BUS ADDRI 

[sample] 

1 CABLE] 

[show] 

[CALIBRATE] 

[SPEOAp 

Iclear] 

[store] 

[continuous! 

mm 

|del| 

[track] 

[directory] 

[UNITS! 

[FORMAT! 

I voltage! 

[HOLD] 

IZEROl 


Most of these command labels can be followed by numeric 
parameters and/or qualifying label words. All of these com¬ 
mand labels require that the 1 ENTER! key be pressed to com¬ 
plete the entry of the command key sequence. 

Numeric Key Labels 

These key labels are: [oj, Q], \J], GO, CHI, CE], [ Xl» 

fin , i~9~| , m . These labels are all on the black keys on the 
right side of the keypad. These are used to enter numbers and 
numeric parameters. 

Qualifier Key Labels 

The qualifier key labels are ICAPl [LOSS] , [CREATE] , [EDiTI . 
[GAUGE] , iBASIC] , |REPEAT! , [SINGLE] , [UNITS] and [HALT| . All 
of these labels are used to follow certain command key labels 
for the purpose of qualifying the command. For example, in 
the key sequence [BRIGHTNESS] [CAP] \J] [ENTER] , the [CAP] 
qualifier causes the brightness setting to apply only to the 
capacitance display rather than to both displays. 

Some of these same qualifier labels are also used to start 
commands. Likewise, some command key labels are also 
used as qualifiers. 

Immediate-Action Command Key Labels 

The immediate-action command labels are [LOCAL] , [SINGLEl 
and [STEP] . These are commands that execute as soon as their 
key is pressed. These commands accept no qualifiers or 
parameters and are not terminated with the |ENTER] key. 
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Reserved Key Labels 

The labels ]HELP[ , |LABEL! , ["menu] , and 1SELECT] are reserved 
for future options. 

ISSUING COMMANDS 

The bridge will always accept commands that are issued to it 
when the display reads: 


rERd y 


Most bridge commands are issued from the front panel by 
pressing a command key (sometimes preceded by the [FUNCl 
key) followed by a numeric parameter and terminated by 
pressing the [ENTER] key. Notice that most of the front panel 
keys have command names printed both above and below the 
keys. To issue a command printed below a key, simply press 
the key, enter a parameter (if any), and press the 1 ENTER] key. 
To issue a command printed above a key. the jFUNC] key must 
be pressed first. Then press the desired command key, enter 
the parameter (if any) and press the 1 ENTER | key. 

Setting Display Brightness - An Example 

When using the BRIGHTNESS command, a number corre¬ 
sponding to the desired brightness of the display needs to be 
entered. To set the display for the minimum visible amount of 
brightness, press | FUNCl [BRIGHTNESS] HI fENTER] . The 
word r E Rd'd will be dimly lit, indicating that the com¬ 
mand was properly carried out. To show the maximum 
brightness, press |FUNC] [BRIGHTNESS] pT] [ENTER| . The 
word r E Rd'd will now appear very bright. 

Correcting Erroneous Input - Examples 

The I'd'el'1 key is used to correct errors while entering parame¬ 
ters. Numbers that are entered from the keypad appear on the 
lower display, introduced from the right-most digit position. 
Enter the command [FUNCl iBRIGHTNESSl [~i~l l~2~l HI HI 
| 5 | r~6~1 . (We are picking arbitrary numbers to partly fill the 
display.) Do not press [enter] . You should see: 

[ bn 0HE " ~j 

r~fe3H5 5 ) 


Now press I DEL] six times and you will notice that the num¬ 
bers are deleted one by one from right to left. Now press 
I DEL| one more time and notice that nothing happens. The 
[DEL] key cannot delete the word brtEHb in the upper 
display. 

.Suppose you would like to issue a command other than 
BRIGHTNESS. Press [FUNCl ICLEAR] and notice that 
bn IjHE is replaced by rERdd in the upper display. 
The BRIGHTNESS command was not executed and the 
bridge is now ready to accept a new command. 
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Try entering |FUNC| BRIGHTNESS! fTl fTj I ENTER 1 . The dis¬ 
play will read: 



meaning that the number 10 was not an allowable parameter. 
Another command can be entered at this time or the [ENTER! 
key can be pressed to make the display show rERd'd. 

Try entering [FUNC! 1 SPECI AL] pTI (T11 ENTER 1 . The display 
will read: 


[jUfTkRCS 

f Error 


There is no special command numbered 55 so a syntax error 
is reported. Another command can be entered at this time or 
the [enter] key can be pressed to make the display read 
rERd'd. 

There are not many ways to cause a syntax error on the front 
panel because pressing an unallowed command key usually 
causes it to be ignored. For example, press |AVERAGE TIME! 
followed by any or all non-numeric keys other than fFUNC] or 
lENTERl - Notice that none have any effect. Now press R~] 

I enter] and notice that the 1AVERAGE t!me| R~! lENTERl 
command is accepted just as if no incorrect keys were ever 
pressed. 

Using Qualifying Labels - An Example 

Suppose you would like to dim the lower display relative to 
the upper one. The [CAP'I and [lossI qualifier labels will 
select the display to which the BRIGHTNESS command is 
to apply. Issue the command [BRIGHTNESS] [LOSS] [~5~[ 
[enter] . Notice that the lower display is now dimmer and 
that the upper display is unchanged. Issue the command 
I brightness] [cap| pTI I enter 1 to make them equal again. 

Exploring a List with the SHOW command 

The SHOW command can be used to display the values of 
virtually all parameters that can be entered with the various 
commands. In this example you will explore a list that con¬ 
tains the measurement related parameter lines. This list is 
called the Gauge parameter set. The meaning of most of the 
parameters that you will see is not important at the moment 
and will be explained in later chapters. Issue the command 
[SHOW] [gauge! [enter! . The display will show: 

l RLbrnREE ) 

7 ^: i 

meaning that the Alternate parameter is set to 0. Now press 
the j "■»] key to see if there are any more windows to be dis¬ 


played for this line. Notice that nothing happens, meaning 
that there is only one window to be displayed. 

Now press the [T] key. The display will show: 


| RUErRGE 

) 

1 

IT 

1 

_1 


meaning that the Average parameter is set to 4. Press the [*] 
key again to see if there are any more windows to be dis¬ 
played for this line. Notice that again nothing happens. 

Use the [T] key to continue through the list. Press the []*] 
key after each step to see if the display will show more than 
one window. After a few more steps, you will reach a param¬ 
eter line that shows the two windows below in the displays: 


u.ljOljDDuD 

( rEF 

D.DDuDuDD 

r&acOoDGO 1 


This display first showed two numbers like those at the left. 
Pressing the [■*] key displays rEF like that at the right 
indicating that the numbers are reference values. Pressing the 
[■»] key again has no effect, but pressing the [*] key causes 
the left window to appear again. You can go back and forth 
between these two windows in this manner. 

Continue using the [T] key, pressing the [3 key after each 
step to see if the display will show more than one window. 
After a few more steps, you will reach a parameter line that 
shows the window below: 

( (?Er 0 on ] 


If you continue pressing the E key at this point, nothing 
happens because you are at the end of the list, indicating that 
you have explored the entire Gauge parameter set. If you 
press the lENTERl key, the rERd'd prompt will appear in 
the upper display and you are now able to enter another com¬ 
mand. You can also get back to the rERd'd prompt at any 
other time without stepping through an entire List just by 
pressing the lENTERl key. 

Alternatively, if you don’t press the [enter! key you can con¬ 
tinue to explore the list by pressing the [T] key which will 
cause the display windows to move backward through the 
list. 

The SHOW command is much easier to use on a remote 
device. There, issuing the command is all that is needed to 
show the entire list. 
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Showing a Single Parameter Line 

It is not necessary to step through a parameter list to find a 
particular parameter line. Suppose the value of the Track 
parameter is desired. Press |SHOW| |FUNC| | TRACK| 1 ENTER 1 
and see on the display: 

( t r He | 

n i 


The [j£] key can also be pressed here to see if there are any 
more windows in this line to display. All parameters that 
have labels on the front panel keypad can be shown on the 
front panel displays in this way. 

Aborting Commands 

Sometimes there is a need to immediately abort a command 
that will take a long time to execute rather than to wait for it 
to finish. The way in which this can be done will depend 
upon whether the command to be aborted is a query com¬ 
mand or not. 

A query command is any command that produces a result 
that can be sent to a remote device. All commands that take 
measurements or that show parameter values are query com¬ 
mands. Commands that only change parameter values are not 
query commands. 

Any query command may be aborted simply by issuing 
another command. This is called a “query interrupt”. Any 
remaining results from the interrupted command are lost and 
the interrupting command begins executing immediately. If 
another command is issued while a non-query command is 
executing, the interrupting command will not be executed 
until after the non-query command is finished. 

To abort a non-query command, a DEVICE CLEAR com¬ 
mand must be issued. (This will also abort query commands.) 
On the front panel, this is done with the key sequence [FUNC] 
I CLEAR 11 FUN cl [CLEAR j . This sequence may be entered at any 
time, even in the middle of entering another command. When 
this is done, the front panel will display: 

( dEUI CE n 

( CLEFI7 ] 

You can try this by issuing a time delay. Enter [FUNCj IhOLD] 
[~3~1 l~0l m I ENTER) and observe a countdown timer on the 
front panel display starting with 300 seconds. Pressing ran¬ 
dom keys on the front panel will not interrupt the timer. Now 
if you enter |FUNCj [CL.EAR1 jFUNCl jCLEARl , the timer will 
stop immediately. For more about this command see 
“DEVICE CLEAR” on page A-15. 


MAKING SINGLE MEASUREMENTS 

The AH 2500A has two measurement modes, the single mea¬ 
surement mode and the continuous measurement mode. 
When power is applied to a new AH 2500A, the bridge is in 
the single measurement mode. Single measurements can be 
initiated from the front panel, from a remote device or (indi¬ 
rectly) from an externally supplied trigger pulse. In the single 
measurement mode a new measurement is started from the 
front panel each time the | SINGLE'! key is pressed. 

Without attaching any capacitance or measurement cables to 
the bridge, press the [SINGLE! key. A b LI 5 b message 
appears briefly, followed by the measurement result being 
displayed. For example: 

f D.DOODO IS ] 

( -.oaoaaoy"^ 

Press the [SINGLE] key again and see that the previous result 
remains on the display until the new result is displayed. The 
bridge displays b U 5 b whenever a new measurement is 
started and more than ten seconds have elapsed since the last 
measurement. 

In reality, each measurement produces a result having two 
windows such as: 

( 0.00000 IS ] 

( -. 000000 .? ] 


The [+■] and QTj keys are used to move between the two win¬ 
dows. The upper right window displays the sample number in 
case a sample switch is connected. The lower right window 
displays the AC test signal voltage that was actually used to 
make the measurement. 

With no measurement cables connected to the bridge, the 
capacitance between the uncapped HIGH and LOW connec¬ 
tors on the rear panel is being measured. This capacitance is 
shown in the left upper display and should be in the range of 
+0.0000000 to +0.000003 pF. The left lower display shows 
the loss which should be in the range of -0.000006 to 
+0.000006 nS. When the AH 2500A is new, it will show loss 
using units of nanosiemens after power-on. An example of 
how to change the loss units is given in “Measuring Loss” on 
page 2-9. 

You may want to take several single measurements to see the 
change in the capacitance and loss. The variation in the read¬ 
ings is caused mostly by externally generated noise entering 
the uncapped LOW input terminal of the bridge. The source 
of this noise is usually from nearby power lines and digital 
instruments and cables. 
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MAKING CONTINUOUS 
MEASUREMENTS 

The AH 2500A can be set to perform continuous measure¬ 
ments almost as easily as single measurements. When in con¬ 
tinuous measurement mode, the bridge takes measurements 
continually with a period that you specify until it is manually 
halted. To initiate continuous measurements, press 
ICONflNUOUSl [ENTER) . Notice that the displays show a new 
pair of numbers about twice per second. If the LOW input 
terminal was not deliberately left exposed (uncapped), there 
might not be enough noise to cause the displays to change 
with each measurement. The CONTINUOUS command 
makes it easy to quickly observe many readings and thus get 
a feeling for the amount of noise being picked up. 

The bridge remains in continuous measurement mode until a 
key is pressed on the front panel. Pressing a key causes the 
measurement in progress to be immediately aborted. After a 
key has been pressed, the bridge waits for the rest of a com¬ 
mand to be entered and then executes it. If the iSINGLEj key is 
pressed, the bridge will go back to single measurement mode 
and take one reading. If any other command is issued, contin¬ 
uous measurements will restart immediately following exe¬ 
cution of the command. This allows issuing commands 
without having to exit and re-enter continuous measurement 
mode. 


MEASUREMENT EXPERIMENTS 

This section describes some simple experiments that show 
how to make actual measurements of capacitance and loss. 
The high sensitivity of the AH 2500A and the meaning of 
various error messages is demonstrated. 

Equipment Needed for Experiments 

To perform the experiments that are described next, you will 
need a few commonly available items listed below. 

• Obtain or make two coaxial cables about one meter long. 
They should have BNC connectors on one end and alli¬ 
gator clips on the other end. Identify the cables by label¬ 
ing them with an “H” on one of the cables and an “L” on 
the other. The following manufacturer’s part numbers 
should work: Pomona Models 4531-C-36, 4532-C-36 or 
5187-C-36 or E-Z-Hook Part Numbers 1020XR-36, 
1021XR-36, 1020XH-36, 1021XH-36, 1029-36 or 
1029M-36. 

• An ordinary capacitor with a value between 100 and 

10,000 pF. A more stable type such as a mica is prefera¬ 
ble to most ceramic capacitors. 

• A resistor in the range of 10 kO to 1 MO. 


NOTE 

The two coaxial cables recommended above are intended to 
be used primarily for educational purposes. Cables that do 
not make fully shielded connections should never, never be 
used for high precision measurements. 

A rule-of-thumb for electrostatic shielding is that if you can 
see the wire or object that is intended to be shielded, then it 
isn’t. Furthermore, if there is only insulation or an 
ungrounded conductor between you and the wire or object 
then it isn’t shielded. 



Figure 2-2 Possible effects of using unshielded 
apparatus for precision measurements 


Connecting the Test Cables 

Connect the BNC plugs on the ends of your coaxial cables to 
the connectors marked HIGH and LOW on the rear panel of 
the bridge. Connect the cable labeled “H” to the HIGH con¬ 
nector and the cable labeled “L” to the LOW connector. The 
HIGH connector is an output that supplies a 1 kHz sinusoidal 
test signal. The LOW connector is a sensitive input. Use a 
table or a flat work surface to lay the cables on. 


WARNING ! 

The AH 2500A normally drives the high terminal with an AC 
signal. While the voltage level of this signal is not high 
enough to cause serious harm, (15.0 volts RMS maximum), it 
is enough to cause a mild shock, especially if one's hands are 
damp or wet. 
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Demonstrating Noise Sensitivity 

You can easily demonstrate that the LOW terminal is the ter¬ 
minal most sensitive to noise and interference. 

Start a continuous measurement as described earlier. Note the 
capacitance reading resulting from the stray capacitance 
between the HIGH and LOW center conductor clips. Now 
touch the bare center conductor clip of the HIGH cable. 
Notice that the capacitance measurement increases, but no 
error message appears. Touching the bare clip makes your 
body part of the HIGH side of the stray capacitor thereby 
making the capacitor dimensions much larger and the capaci¬ 
tance somewhat larger. 

Now touch only the center conductor clip of the LOW cable. 
You should see on your display the error message: 


AC on L 
I nPu'c 


or the message: 

( ECCE55 1 

[ HOI 5 E 1 


These error messages indicate that too much noise is being 
picked up and it is interfering with the measurements. Your 
body is acting as an antenna. You have observed a very 
important difference between the HIGH and LOW connec¬ 
tions to the bridge. Awareness of this difference can be very 
useful when designing, debugging or repairing capacitor fix¬ 
tures. 

If you now hold the bare coaxial cable shield dip of either 
cable while touching the LOW center conductor clip, the 
error message will probably go away. If it does not, you are 
in a fairly noisy environment. Connected in this manner, your 
body acts as a poor conductor which shunts most (but per¬ 
haps not enough) of its picked-up signal to the shield clip. 
You may want to verify that touching any screw on the case 
of the bridge has the same effect as touching the shield clip. 
(The same, that is, unless your hand or body is also moving 
closer to or further from a significant, nearby source of 
noise.) You have demonstrated one way in which an 
ungrounded connection can introduce noise into your mea¬ 
surements. 

Low Frequency Noise 

The error message Hi an L InPut indicates that 
low-frequency noise is being picked up. This is a condition 
you might see if you are working in an area where there are 
power lines close by. 
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High Frequency Noise 

The conditions that generated the R C on L InPut 
error message, may also generate an ECCES5 HOI SE 
error message. The E l l E 5 5 001 5 E message indicates 
that high-frequency noise is being picked up. This situation 
might occur if you are working in an area where computer 
equipment is being operated. 

Reducing the Effect of Noise - 
Averaging Time 

Put the cables in a stable position on your work surface. 
Watch the capacitance and loss displays as measurements are 
being displayed and note the most positive and the most neg¬ 
ative value shown in each display over a period of several 
minutes. Since a new AH 2500A has a default average time 
of 4, these measurements were probably taken with that 
value. To verify this, press |SHOW| [AVERAGE tTme! | ENTER] . 
You should see HUE r ROE H on the displays. 

Now change the averaging time parameter to 8 by pressing 
[AVERAGE TIME] [T] jENTERj . This will cause each measure¬ 
ment to take sixteen times longer than at averaging time 4. 
Since noise is proportional to the inverse of the square root of 
the measurement time, you will expect to see a factor of four 
less noise in your measurements at averaging time 8. 

Now again, watch the capacitance and loss displays as mea¬ 
surements are being displayed and note the most positive and 
the most negative value shown in each display over a period 
of several minutes. The most positive value minus the magni¬ 
tude of the most negative value should now be about one 
fourth what it was previously for both capacitance and loss 
results. You have demonstrated how the use of a longer aver¬ 
aging time can reduce the uncertainty of your measurements 
due to noise. 

Demonstrating Measurement Sensitivity 

Now, you will measure the capacitance between the two 
clips. Leaving the cables connected to the bridge, take the 
HIGH and LOW center conductor dips of each cable and lay 
them an inch apart on your work surface. Observe the mea¬ 
surement results. (If you did the previous experiment, you 
will want to restore the averaging time back to 4.) 

Now move the clips slightly closer together and observe that 
the capacitance increases. The closer together you move the 
clips, the higher the capacitance value reads. 

Now move the clips further apart. As you move the clips fur¬ 
ther apart, the capacitance value decreases. 

If you bridge the HIGH and LOW clips with your hand with¬ 
out actually touching either clip or any other conductor, your 
hand will serve as an intermediate conductor that will 
increase the capacitance. 

If you touch a ground or shield with one hand and put your 
other hand between the HIGH and LOW clips, your hand 
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will act as a shield. This will cause the capacitance to 
decrease. 

These crude experiments demonstrate basic issues that are 
used to design precision capacitance measuring fixtures. 
These experiments are easily extended to more sophisticated 
configurations by constructing electrodes and shields from 
whatever materials happen to be readily available in your 
laboratory (or even in your kitchen). 

Hard Measurement Errors 

High to Low Shorts 

While still making continuous measurements, connect the 
clips of the center conductor HIGH and LOW cables 
together. An error message showing: 


H bo L 

ShorL- 


should appear, indicating that the HIGH terminal is shorted 
to the LOW terminal. 

High to Ground Short 

Now connect the capacitor that you collected earlier between 
the HIGH and LOW clips. Its capacitance and loss will be 
displayed on the front panel. Now connect the clip of either 
ground to the clip of the HIGH center conductor cable. An H 
error message should appear in the extreme right-hand posi¬ 
tion of the upper display as in the example below: 


f 1790^ 3H 

rooggHFif 


The dead short that you have created will cause the capaci¬ 
tance value to be seriously in error. 

The H error message differs from most other error messages, 
in that it is one of the few that are displayed beside a mea¬ 
surement value. Rather than replacing the measurement, it 
appears with it. The H error message indicates that the 
impedance between the high center conductor and ground is 
too low. The measurement value may have some signifi¬ 
cance, but is usually not to be trusted. 

Low to Ground Short 

With the capacitor used in the previous experiment still con¬ 
nected, connect the LOW center conductor clip to one of the 
shields. You must do this without touching the LOW center 
conductor with any other conductor (or your fingers) that 
might introduce noise. You should observe that the measure¬ 
ment result does not change, nor is any eiTor message 
reported. If you keep the LOW center conductor shorted to 
ground, you can even remove the capacitor entirely without 
changing the results reported by the bridge. The bridge is 


unable to distinguish the situation where its LOW terminal 
input is shorted to ground from the situation where the bridge 
is perfectly balanced. In both cases, the bridge sees no signal 
on its input. This is the most significant kind of external error 
that can occur which the bridge is not always able to detect. 

Now change the averaging time parameter to 7 by pressing 
|AVERAGE TIME 1 [~7~| 1 ENTER) and repeat this experiment. You 
will find that every time you short the LOW center conductor 
to ground, the result of the next measurement will be the 
error message: 


L 'co Grid 
Short 


indicating that the LOW terminal is shorted to ground. For 
averaging times of seven or higher, a test is performed at the 
beginning of every measurement that will detect a low-to- 
ground short. 

Measuring R, C and combined R and C 

Measuring Capacitance 

Connect the center conductor clips of the HIGH and LOW 
coaxial cables to your capacitor of about 1000 pF. With the 
bridge still in continuous mode, record the measured capaci¬ 
tance value. 

Measuring Loss 

Now remove the capacitor and connect the center conductor 
clips of the HIGH and LOW cables to a resistor of approxi¬ 
mately 100 kO. 

Since loss is currently being displayed in nanosiemens, and 
the resistor value is in ohms, we want to change the loss units 
to display in gigohms for comparison purposes. Use the 
UNITS command to change loss units by pressing |UNITS| 
HI |ENTER| . (The loss units parameters are numbered in the 
same order that the loss units indicators on the front panel are 
arranged.) Notice that the nanosiemens unit indicator turns 
off and the gigohms unit indicator turns on, meaning that the 
bridge is now displaying loss in gigohms. If your resistor is 
100 kQ, the lower display will show approximately 0.000100 
GIL Record the measured loss value. 

Measuring Parallel Capacitance and Loss 

Now connect the center conductor clips of the HIGH and 
LOW coaxial cables to both the resistor and the capacitor 
connected in parallel. The displays should now read values 
that are close to the values recorded when the parts were 
measured individually. If this procedure were performed 
more carefully and if the bridge was perfect, there would be 
no difference in the individual versus combined readings. To 
the extent that the procedure is carefully performed, it is a 
demanding test of the bridge's capabilities. 
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To perform the experiment more carefully requires that both 
the capacitance and loss be recorded when each part is mea¬ 
sured individually. The capacitances are added to get the 
expected capacitance value for the combined parts. The 
reciprocals of the resistances are added giving the reciprocal 
of the resistance value for the combined parts. (This is where 
the use of conductance units for loss measurements is prefer¬ 
able since nanosiemens can simply be added just the way the 
capacitance values are.) 

Can you perform a similar experiment by combining the 
parts in series rather than in parallel? (This is a less precise 
experiment since there is a stray capacitance from the center 
node that cannot be eliminated.) 

Two- Vs. Three-Terminal Connections 

All of the experiments described so far have been of the two- 
terminal variety. The third terminal of a three-terminal device 
is used to ground an enclosure around that device. The enclo¬ 
sure contains the fields of the device and shields the device 
from external fields. None of the components measured so 
far have incorporated a three-terminal shield. As a result, you 
observed that all of these experimental configurations were 
very susceptible to externally generated noise and to changes 
in position, orientation, and proximity to other objects. A 
properly constructed three-terminal device will eliminate all 
of these effects. For a more detailed discussion of three-ter¬ 
minal measurements, see “THREE-TERMINAL MEA¬ 
SUREMENTS” on page 4-2. 

The AH 2500A can make floating two-terminal measure¬ 
ments at least as well as any other instrument, but it is diffi¬ 
cult to take advantage of the AH 2500A 5 s exceptional 
precision unless measurements are made on three-terminal 
devices. If a three-terminal fixed or decade capacitor and 
cabling is available, another experiment can be performed to 
show the enormous improvement that three-terminal devices 
offer. 

Connect your three-terminal capacitor to the HIGH and 
LOW connectors on the back of the AH 2500A using a 
DCOAX-I-BNC or equivalent cable. With the bridge in con¬ 
tinuous mode, observe the readings. Any respectable three- 
terminal capacitor will produce readings with very little ran¬ 
domness. The least significant digit may hardly change at all. 

Now try to induce changes into the reading. Move your 
hands in the vicinity of the cable and the capacitor. Touch the 
cable and the capacitor. You should see no effect. Move the 
cable to other positions. This should have no effect. If it does, 
the cable is probably defective. Try moving the capacitor to 
different positions. This should not cause a change in the 
readings if the capacitor is not bumped so as to change its 
value slightly. Try moving the capacitor to different orienta¬ 
tions. All but the highest quality standards will change 
slightly as a result of orientation changes, especially capaci¬ 
tors having a gas dielectric. However, the changes will be 
fairly repeatable if the capacitor is handled gently. The noise 
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level in the readings for all of these experiments should be 
consistently low. 

The experiments you have performed were intended to 
improve your intuitive grasp of the sensitivity of the AH 
2500A and of the importance of making three-terminal rather 
than two-terminal measurements. Chapter 4, “Measurement 
Essentials” discusses these and other measurement issues in 
more detail. 
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Chapter 3 


Parameter and Program Files 


Many of the AH 2500A’s commands accept groups of various 
numeric parameters. These parameters control the operation 
of the bridge. For convenience, these groups of parameters 
are collected into “parameter sets'’ to make it easy to change 
the bridge quickly to a new configuration, especially after 
power-on. Many of the parameter sets can be stored in per¬ 
manent files within the bridge for later recall and use. This 
chapter describes the various sets and files and the commands 
necessary to change, show, store and recall them. To use the 
AH 2500A with maximum efficiency, an understanding of 
parameter sets and files is essential. However, the bridge is 
easily used to make measurements with little understanding 
of sets and files. Thus if you are a first-time user, you may 
initially want to skip this chapter, but if you are a serious 
user, you will eventually want to read it. 

This is the first chapter having command examples and com¬ 
mand syntax definitions for remote devices. Since remote 
command entry is slightly different from GPIB versus serial 
devices, it is described in those chapters. For more informa¬ 
tion, see “REMOTE COMMAND ENTRY” on page 6-3 for 
GPIB usage, “REMOTE COMMAND ENTRY” on page 7-8 
for serial usage and the beginning of Appendix A, “Com¬ 
mand Reference” for the command description syntax. 

FILES AND MEMORY 

The concept of files as used in the AH 2500A is very similar 
to that used by a computer. The main difference is that the 
AH 2500A uses internal, non-volatile, writable memories 
(EEPROM) rather than disks in which to store its files. Pro¬ 
grams and all but one parameter set type can be stored in 
these files. The working, writable memory of the bridge is 
RAM, the contents of which are lost when power is lost. The 
firmware that operates the bridge is located in permanent, 
read-only memory (ROM or EPROM). Figure 3-1 helps to 
visualize these memory types. The EEPROM files, ROM 
files and current RAM contents are labeled in the figure. 

PARAMETER SET TYPES 

Listed below are the five types of parameter sets used in the 
AH 2500A. You can change the parameters in the first four 
directly. The first four can also be saved as a file; the last one 
cannot be. 

The Basic Parameter Set contains general information 
about how the bridge is configured and how results are 
reported. 
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The Gauge Parameter Set contains information about how 
capacitance and loss measurements are to be taken and how 
results are represented. 

The Baud Parameter Set contains information such as the 
baud rate that is used to configure the RS-232 port. 

The Bus Parameter Set contains information such as the bus 
address that is used to configure the GPIB port. 

The Special Parameter Set contains some information that 
identifies the bridge and its current condition and status. The 
special parameter set contains either fixed information or 
information which is maintained by the bridge. You cannot 
directly change this information. 

Current Parameter Sets 

There is one current parameter set of each type (Basie, 
Gauge, Baud and Bus) located in the bridge's RAM memory. 
These sets are shown in Figure 3-1. Their contents are also 
indicated in this figure. When a command is issued that 
changes a parameter, it is a parameter in one of the four cur¬ 
rent parameter sets that gets changed. You issue commands to 
set and modify the parameters contained in the current Basic, 
Gauge, Baud and Bus parameter sets to meet your needs. 
Bridge operations are directly controlled by the values of the 
parameters in the current parameter sets. Since the current 
parameter sets are stored in RAM, the contents are lost when 
power to the bridge is removed. 

Stored Parameter Files 

The AH 2500A allows you to create multiple versions of the 
Basic, Gauge, Baud and Bus parameter sets which are stored 
as files. Storage in EEPROM memory prevents loss of the 
contents of the parameter files when the power is removed. 
Collections of parameters can be created and edited in the 
current parameter sets, stored in a file and recalled back to 
the same current parameter set. Stored parameter files must 
be recalled before they will control the operation of the 
bridge. Figure 3-1 shows examples of stored parameter files 
and a store and recall operation. These operations are dis¬ 
cussed in more detail later under “WORKING WITH FILE 
CONTENTS” on page 3-9. 
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Power-on Parameter Files 


When the bridge is first powered up, files of default parame¬ 
ters are used to make measurements. The parameters can be 
the factory-supplied default parameters or they can be param¬ 
eter files of your creation. If you are always satisfied with the 
values in the default power-on parameter files, you may not 
need to learn more about parameter files. Figure 3-1 shows 
an example of what data is moved during power-on. See 
“Using Power-on Parameter Files” on page 3-10 for more 
information. 


Current RAM 
Contents 
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The contents of all parameter sets are fisted below. The order 
of the parameters shown below is the same as the order dis¬ 
played by the SHOW command. The order is mostly alpha¬ 
betical, but parameter groups having similar functions are 
grouped together. See “Exploring a List with the SHOW 
command” on page 2-5 for some examples of how to use this 
command. 

The sections below give a brief description of each parameter 
or group of parameters. The description is followed by exam¬ 
ples of the images of the parameters as the SHOW command 
displays them on the front panel and on remote devices. The 
examples use the parameter values in the default files stored 
in the AM 2500A's permanent memory. 

Some parameter groups have more than one window that can 
be displayed on the front panel. The [*] and [+} keys are 
used to move right and left through these windows. The lists 
show all the available windows side-by-side. 

If a parameter group is modifiable, the command needed to 
do so is given. This command can be looked up in Appendix 
A, “Command Reference” where more information on the 
parameters in the group will be found. 


Basic Parameter Set 

The Basic parameter set contains the following parameters: 

Brightness 

The Brightness parameters control the brightness of the front 
panel displays. The brightness of the capacitance and loss 
displays can be controlled individually. The parameters are 
modified using the BRIGHTNESS command. On the front 
panel, [SHOWj |FUNC| [BRIGHTNESS! [enter! gives: 


( bn [j hi t ) 


On remote devices, SH BR gives: 

BRIGHTNESS C=5 L=5 


Format 

The Format parameters contain information about which of 
the various measurement-related types of information get 
sent to a remote terminal or logging device. Changing the 
format parameters does not affect the front panel displays. 
The parameters are modified using the FORMAT command. 
On the front panel, ISHOWI jFUNCl [FORMATl 1 ENTER | gives: 


Figure 3-1 Pictorial conception of AH 
2500A stored files, structure of current 
parameter sets and typical operations 
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where the [*] and jj»] buttons are used to move between the 
Far (IRb display window on the left and the one on the 
right which associates a single letter label with each format 
bit on the lower line. On remote devices, SH FO gives: 

FORMAT SMP=0 CflP=1 L05=1 ULT=1 

M S G = 1 LBL= 1 PUH = 0 FFD=1 

For more information, see “REMOTE DEVICE FORMATS” 
on page 5-5. 

Format Special 

The Format Special parameter controls the numeric notation 
of measurement results that are sent to remote devices. This 
parameter is modified using the FORMAT SPECIAL com¬ 
mand. On the front panel, ISHOWl |FUNCl 1 FORMAT] iFUNC'l 
iSPECIALj 1ENTERI gives: 


for net ) 
SPEC 0 ' I 


On remote devices, SH FO SP gives: 

FRfIT SPEC N = 8 

For more information, see “Numeric Notation” on page 5-8. 

Hold Special 

The Hold Special parameter controls the handling of external 
trigger pulses that arrive when no HOLD 0 command has 
been executed to receive them. 'This parameter is modified 
using the HOLD SPECIAL command. On the front panel, 
[SHOwi ifunci Fold] [funcI 1 special] [enterI gives: 

[ HOtd bu F | 


On remote devices, SH HO SP gives: 

HOLD SPEC TRIGBUF-1 

For more information, see “Handling Unexpected Trigger 
Pulses” on page 3-14. 

Places 

The Places parameters control the number of significant dig¬ 
its of measurement results that are displayed on the front 
panel and which are sent to remote devices. These parameters 
are modified using the PLACES command. On the front 
panel, [SHOW] |FUNCI IPLACES1 [ENTER| gives: 


l PieCE5 ~) 



On remote devices, SH PL gives: 

PLACES C=9 L=9 

For more information, see “Setting a Limit on the Significant 
Digits” on page 5-1. 

Sample 

The Sample parameter indicates which sample number is 
being measured when using a sample switch. The SAMPLE 
command is used to select the sample number. On the front 
panel, ISHOWl [sampleI [enter] gives: 

[ SRFIPLE 1 


On remote devices, SH SB gives: 

SAMPLE NUMBER" 1 

For more information, see Appendix D, “Sample Switch 
Port”. 

Sample Hold 

The Sample Hold parameter is a delay time that occurs fo 
lowing each change of position of a sample switch by the 
SAMPLE command. The SAMPLE HOLD command is 
used to set this time. On the front panel, 1 SHOW I j SAMPLE I 
jFUNCI [HOLD] 1ENTERI gives: 


I SBI7P Hid 

: o.oa 

K__ 


On remote devices, SH SR HO gives: 

SAMPLE HLD DELAY=0.08 SEC 

For more information, see Appendix D, “Sample Switch 
Port”. 

Test Format 

The Test Format parameters determine what conditions cause 
the diagnostic self-tests to stop. They also determine which 
test results are reported. They are modified with the TEST 
FORMAT command. On the front panel, [SHOW11 FUNGI 
[TEST] IFUNCI [FORMAT| [ENTER] gives: 


j fcSfc Fr fit | 

| HOC 

rPr 

| hi] r£ | 

! h o 

rd 


On remote devices, SH TE FO gives: 

TEST FRMT HOC=0 RPR=2 

For more information, see “Selection of Options: the TEST 
FORMAT command” on page 11-7. 
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Units 


On remote devices, SH RU gives; 


The Units parameter contains a value that specifies the units 
in which measured loss values are displayed. It allows you to 
choose one of five different measurement units in which to 
display loss values. The UNITS command is used to change 
the units. On the front panel, |SHOWl [UNlTSl [ENTER! gives: 

( urn 15 i 

f~n I 

On remote devices, SH UN gives: 

UNITS L=1 

For more information, see “DECIDING WHICH UNITS TO 
USE” on page 4-10. 

Gauge Parameter Set 

The bridge measures capacitance and loss using the parame¬ 
ter values in the current Gauge set. These parameters deter¬ 
mine what settings and features are used when each 
measurement is made. Most of these parameters are dis¬ 
cussed in Chapter 4, “Measurement Essentials” 

Alternate 

The Alternate parameter contains a value that indicates 
whether the applied 1 kHz test signal alternation (commuta¬ 
tion) is in effect and, if so, what alternation interval is being 
used. You can specify alternation intervals in steps ranging 
from one quarter second to sixteen seconds. The parameter is 
modified using the ALTERNATE command. On the front 
panel, |SHOW| ]func| [alternate! [enter! gives: 

( Rt brnRbE [ 

PT | 


On remote devices, SH RL gives: 

ALTERNATE ALTEXP-0 

For more information, see “REJECTING INTERFERING 
SIGNALS” on page 4-8. 

Average Time 

The Average Time parameter contains a value that deter¬ 
mines how many measurements are averaged to calculate the 
final capacitance or loss measurement result that is displayed. 
It is modified using the AVERAGE command. On the front 
panel, [show! [AVERAGE TMEl |ENTER| gives: 


( RUErRGE 

J 

or 

J 


AUERRGE AUEREKP=4 

For more information, see “MEASUREMENT SPEED VS. 
MEASUREMENT FLUCTUATION” on page 4-5. 

Bias 

The Bias parameter contains a value that controls whether a 
user-supplied external DC Bias voltage is connected through 
the bridge to the device under test. If such a voltage is con¬ 
nected, this parameter further specifies whether a 1. MQ, or a 
100 MQ internal series resistor is used to make the connec¬ 
tion. This parameter is modified using the BIAS command. 
On the front panel, (SHOW) Idc B1AS| [ENTERj gives: 


dc bl R5 
0 


On remote devices, S H BI gives: 

DC BIAS ENRBLE=0 

For more information, see “UNKNOWNS WITH DC VOLT¬ 
AGE” on page 4-13. 

Cable 

The Cable parameters contain four values that correspond to 
the cable length, cable resistance, cable inductance and cable 
capacitance of the test cable that is used to connect to the 
device under test. All four parameters are used internally by 
the bridge to provide automatic cable compensation in the 
measured result. These parameters are modified using the 
CABLE command. On the front panel, [SHOWj | FUNG! 
{cable! IENTERI gives: 



Pressing the [T] button gives: 

( CFib rES 

nia. 


Pressing the [T] button again gives: 

( CFJb Ind 

f TTo. . 


Pressing the [T] button again gives: 

[ 1Q. Q 1 
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On remote devices, SH CRB gives: 

CABLE LENGTH* 1.00 il 
CABLE RESISTANCE/!-!* 40.8 NO 

CABLE INDUCTRNCE/N* 1.18 UH 

CABLE CflPACITANCE/N= 78.8 PF 

For more information, see “SOURCES OF ERROR” on 
page 8-4. 

Reference / Ref Format / Ref On 

Two of the Reference parameters are the values of capaci¬ 
tance and loss that are subtracted from the measurements 
when reference result mode is enabled. A Reference Format 
parameter determines whether the results are to be displayed 
as an absolute deviation from the reference or whether the 
results are expressed as a percentage deviation from the ref¬ 
erence. There is also an indicator as to whether reference 
mode is enabled or disabled. The Reference parameters are 
modified using several forms of the REFERENCE com¬ 
mand. On the front panel, jSHOWl [REFERENCE] [ENTER] 
gives the two reference values as: 

( 0.0000000 1 ( ,-EF ] 

PO.QGOQGG'0 ] fflODOnOOD = j 


Pressing the [T] key then shows that reference percent mode 
is disabled: 

f rlF Frflb ] 

: cg lo h 


Pressing the pT] key again shows that reference mode is dis¬ 
abled: 


[ r EF on ] 

[ COL 0 . 1 

On remote devices, SH REF gives: 

REFERENCE O0.80000800 PF L=8.00000808 NS 
REF FRMT C=8 L=0 

REF ON C=8 L=0 

For more information, see “RESULT MODES” on page 5-2. 

Tracking 

The bridge can be set to follow otherwise stable unknowns 
that occasionally change at a rate much faster than normal. 
The Tracking parameter contains a threshold value that is the 
maximum rate of change allowed in the value of the 
unknown sample before tracking mode takes over. This 
results in occasional faster measurements at reduced accu¬ 
racy. The tracking threshold is modified using the TRACK 


command. On the front panel, [SHOW] |FUNC[ [TRACK 
[ENTER! gives: 


fTTflc 

cn 


On remote devices, SH TR gives: 

TRACKING THRESHOLD*© 

For more information, see “Auto Switching to High Speed” 
on page 4-7. 

Voltage 

The Voltage parameter allows you to specify a maximum sig¬ 
nal level to be applied. The bridge will measure the sample at 
a voltage equal to or less than this maximum. The bridge will 
report the actual voltage at which the measurement is taken. 
The parameter is modified using the VOLTAGE command. 
On the front panel, [SHOW] [voItage] [enter! gives: 


UOLbRCE 

Isn 


On remote devices, SH U gives: 

UQLTAGE HIGHEST* 15.0 U 

For more information, see “VOLTAGE OF THE TEST SIG¬ 
NAL” on page 4-12. 

Zero / Zero On 

The Zero parameters contain capacitance and loss values that 
may be used to compensate for stray impedance in a test fix¬ 
ture. There is also an indicator as to whether zero mode is 
enabled or disabled. The parameters are modified using sev¬ 
eral firms of the ZERO command. On the front panel, 
ISHOWI [ZERO] [ENTER! gives: 


( 9Er 0 
f 0.0000000 


Pressing the [T] key then shows that zero mode is disabled: 


i?ErO on 
0. 


On remote devices, SH Z gives: 

ZERO 00.00000000 PF L = 0,00000000 NS 

ZERO ON C&L-0 

For more information, see “COMPENSATING FOR STRAY 
FIXTURE IMPEDANCE” on page 4-12. 


0.00000 DG 


0.0000000 
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Baud Parameter Set 

The Baud parameter set contains all the parameter definitions 
related to operation via the serial port. All the serial parame¬ 
ters are discussed in Chapter 7, “Serial/RS-232 Remote 
Operation”. 


On the front panel, [SHOW] iFUNCj jBAUDl jENTER| followed 
by H gives: 


n L o c o u b 

SfcflfcE 0 


Baud Rate 

The Baud Rate parameters contain fundamental communica¬ 
tions settings such as the baud rate that are used in conjunc¬ 
tion with the serial port. The parameters are modified using 
the BAUD command. On the front panel, jSHOWl 1FUNC| 
[BAUD] [ENTER! gives: 


bRUd 

( rb.b.P.L.S.F.E 

96.1.0.0. 1.0 .1 


96. im i.0.1 


On remote devices, SH BflU gives the entire Baud parame¬ 
ter set of which the first line is: 

BAUD RRTE=96 DTE= 1 PRR = 8 LEN = 8 

STP=1 FIL=0 ECH=1 

Only the first two digits of the rate are shown. For more 
information, see “SERIAL COMMUNICATION PARAME¬ 
TERS” on page 7-6. 

Define 

The Define parameter specifies which. ASCII control charac¬ 
ters are used for interactive editing via the serial port. The 
choice of characters is modified using the DEFINE com¬ 
mand. On remote devices, SH DEF gives: 

DEFINE ERASED DEL-DEL BfiCKSP= A H 

DCL= '-E TERM = PRINTER 

For more information, see “Correcting Typing Errors” on 
page 7-10. 


On remote devices, SH HLGCK gives: 

NLOCKOUT 5TRTE=8 

For more information, see “Selecting the Serial Control 
States” on page 7-12. 

Logger Baud 

The Logger Baud parameter determines whether results cre¬ 
ated in response to front panel commands are sent to the 
serial port. It also provides some control over what kind of 
results are sent. The Logger Baud parameter is modified with 
the LOGGER BAUD command. On the front panel, [SHOWl 
|FUNGI |LOGGER| | ENTER | gives: 

( L uu bHO d ; 

(l□ nbnb 0 ] 

On remote devices, SH LOG gives two lines, the first of 
which is: 

LOG BAUD CONTENT-0 

For more information, see “SERIAL DATA LOGGING” on 
page 7-13. 

Bus Parameter Set 

The Bus parameter set contains all the parameter definitions 
related to operation via the GPIB port. All the GPIB parame¬ 
ters are discussed in Chapter 6, “GPIB/IEEE-488 Operation”. 


Nremote 

When set, the Nremote parameter largely disables front pane 
(local) control of the bridge. The NREMOTE and LOCAL 
commands may be issued from the serial port to change this 
parameter. The I LOCAL 1 button will reset this parameter. On 
remote devices, SH HR EH gives: 

NREflOTE STATE = 9 


Bus Address 

The Bus Address parameters contain fundamental communi¬ 
cations settings that are used in conjunction with the GPIB 
port. The parameters are modified using the BUS command. 
On the front panel, [SHOW] [FOnc] [BUS] |ENTER| gives: 


( bLiS Rddr j 

fEO. 1 .0.0.0 1 


r^TscTcp | 
i? a mo ~ } 


For more information, see “LIMITING FRONT PANEL 

ACCESS” on page 7-11. On remote devices, SH BU gives the entire Bus parameter 

set of which the first line is: 


Nlockout 

When set, the Nlockout parameter totally disables front panel 
(local) control of the bridge when the Nremote parameter is 
also set. The NLOCKOUT command may be issued only 
from the serial port to change this parameter. 


BUS RDRS PRI®28 5EC= 

T0H = 0 C PT = 0 PRP = 0 

For more information, see “BUS CONFIGURATION 
PARAMETERS” on page 6-1. 
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SRE Byte 

The SRE parameter byte contains the GPIB service request 
enable mask. This mask determines which of the bits that are 
set in the GPIB device status register can cause a service 
request to occur. You can modify the GPIB service request 
enable mask using the SRE command, and thereby deter¬ 
mine which bridge conditions or events can cause GPIB ser¬ 
vice requests to occur. On the front panel, jSHQW[ [BUSl 
[ENTERj followed by [TJ gives: 


For more information, see “STATUS REPORTING” on 
page 6-5. 

Elapsed Time 

The Elapsed Time contains approximately the total number 
of hours the bridge has been on since it was manufactured. 
On the front panel, iSHOWj jFUNCl ISPECIAL1 lENTERj fol¬ 
lowed by [T] gives: 


fsTE 

n. E.r.P.ULQ 


ELRPSEd 

( 0 0.00.0.0.0 

0. 0000.00 


; Hr IP-JH 


On remote devices, 3HQM SRE gives: 

SRE riflU=0 E K E = 0 RDV = 8 PON = 0 

URG=0 CME»0 0NR=8 

For more information, see “Service Requests” on page 6-7. 

Logger Bus 

The Logger Bus parameter determines whether results cre¬ 
ated in response to front panel commands are sent to the 
GPIB port. It also provides some control over what kind of 
results are sent. The Logger Bus parameter is modified with 
the LOGGER BUS command. On the front panel, [show] 
iFUNCj [LOGGERl [enter] followed by [TJ gives: 

( LOG bus 1 

( Ean’cnb " l.] 


On remote devices, SH LOG gives two lines, the second of 
which is: 

LOG BUS CONTENT 82 1 

For more information, see “GPIB DATA LOGGING” on 
page 6-15. 

Special Parameter Set 

The Special parameter set contains information that is spe¬ 
cific to the bridge. It is different from the other parameter sets 
since the bridge automatically updates all of the parameters 
in this set. You can see but not change its contents using the 
SHOW SPECIAL command. It cannot exist as a file. The 
parameters it contains are listed below. 

Status 

Status shows the settings of the bits in the status byte sent to 
the GPI B interface. On the front panel, I SHOW | [f'O'nc] 
[SPECIAL] |enter] gives: 

fIFflh US I [ nn.E.r.P.U.E.0 ) 

[ ~0Q0.Q I.QflO~~ ] [ O.O.D.G- 10.0.0 ] 


Serial Number 

The Serial Number contains the serial number that is stamped 
into the rear panel of the bridge. On the front panel, ISHOWj 
iFUNCl [SPECIAL! [enter! followed by [TJ [TJ gives: 


[ 5 Er nUll 

f SW7 


ROM Version 

The ROM Version contains the revision level of the bridge’s 
firmware. On the front panel, |SHOW| |FUNC| {SPECIAL! 

1 enter! followed by [T] [T] |T] gives: 


( rOf) Q£r5 ' 1 

( HR It?3 1 


Options 

The Options contains a string showing optional internal hard¬ 
ware or firmware installed in the bridge. On the front panel, 
ISHOWI IFUNCl I SPECIAL! |enter| followed by [Tj [Tj [T1 
IT] gives: 


f uPbi'onS 


Showing the Special Set on Remote Devices 

On remote devices, SH SP gives: 

STRTU3 NflU = 0 1133 = 0 EKE = 8 RDV=0 

P0N=1 URQ = 0 C11E = 0 0NR=0 
ELRPSED TII1E= 1 234 HRS 

SERIAL NUNBER=654321 

RON UER3IQN=Afi123 

OPTIONS TYPE=E 
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WORKING WITH FILES 

This section describes file naming conventions, how to list 
files currently stored in the bridge and how to add and delete 
them. 

Fife Names 

In order to distinguish one file from another, each file must 
have an identifier. The AH 2500A does this with an identifier 
containing a file type followed by a file name. For parameter 
sets, the file type is the same as the parameter set type. The 
allowable file types are Basic, Gauge, Baud, Bus and Pro¬ 
gram. 

The file name uses only numerals and has from one to eight 
digits. The file name is stored as a string which means that 
“3” is not the same file name as “003”. Examples of allow¬ 
able file identifiers are: BASIC 0, GAUGE 34, BAUD 1, 
BUS 12345678 and PROGRAM 250. A file name of “0” is 
special and means that the file is permanently stored in ROM. 
For files in EEPROM, the file name can be anything other 
than “0”. 

Listing the File Names 

Since one can not be certain what file names have been 
stored, it is essential to be able to get a list of those files that 
are currently in the bridge’s EEPROM memory. The DIREC¬ 
TORY command does this. On the front panel, press 1DIR| 
[ENTER 1 and see: 


( GfluO 


press I and see: 

( bB5I [ 


press [T] and see: 

[ b FI Lid 


press jjT| and see: 


BUS 


press |" I and see no change, then press 1 ENTER | and see: 

[ rEFId'd ) 
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You have displayed the four parameter files in the EEPROM 
memory that were shipped with the bridge. There is one of 
each type of file. As discussed in “Using Power-on Parameter 
Files” on page 3-10, these happen to be the four files that will 
be read following power-on. (Remember that files may have 
been changed or added to since you received the bridge. This 
could make the directory listing totally different from what is 
shown above.) 

If you have a lot of files, you may want to limit the types that 
the DIRECTORY command reports. You can do this by add¬ 
ing the desired file type following the DIRECTORY com¬ 
mand. For example, the DIRECTORY GAUGE command 
will list only the Gauge parameter types. 

If there are no files of the type you specify, then the message 
below appears: 

rmr^E i 

fFound| 


The Permanent Files 

The DIRECTORY command only shows the files stored in 
the EEPROM memory; not any stored in the RAM or perma¬ 
nent memory. There are four permanently stored files with 
the names: GAUGE 0, BASIC 0, BAUD 0 and BUS 0. When 
the bridge is first purchased, these files have exactly the same 
contents as those displayed with the DIRECTORY command 
above. See “Power-on Parameter Files” on page 3-2 for an 
explanation of how these two collections of files are used by 
the bridge. 

Adding Files 

Files are created with the STORE command. To create a new 
file, the desired parameters must first exist in one of the cur¬ 
rent parameter sets. The current parameter sets always con¬ 
tain usable parameters that can serve as a starting point. To 
try an example, issue the command IFUNCI | ALTERNATE] HD 
IENTERI . This will change the alternate parameter in the cur¬ 
rent Gauge set from 0 to 3. Now issue the command IFUNCI 
I STORE | IGAUGEI f~Fj fT] |ENTER[ . You have created a new 
file with the name GAUGE 37. Figure 3-1 on page 3-2 shows 
this pictorially. If you issue a DIRECTORY command and 
then step through the names, you will find a new entry: 

rofliicr n 


The contents of this file are identical to those in the current 
Gauge set since that is where they were copied from. 
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A Program file is added in the same way. A current program 
must exist before the STORE command is issued. 

Deleting Files 

Suppose you want to delete the file you just created above. 
Issue the command |DEL[ [GAUGE! Rf] [~7~1 |enter[ . If you 
again issue a DIRECTORY command and then step through 
the names, you will find that your new entry has vanished 
from the list. 

If you want to delete all files of a given type, you can do this 
by adding the desired file type following the DELETE com¬ 
mand. For example, the DELETE BUS command will 
delete all the Bus parameter files in the EEPROM. Whenever 
you try to delete more than one file, you will get an “Are you 
sure?” prompt. On the front panel this looks like: 

[ RrE you ) 

i~5UrE 1 


If you want to continue with the operation, you must answer 
“yes” by pressing the [yesI key on the front panel. Pressing 
any other key is interpreted as “no”. 


WORKING WITH FILE CONTENTS 

Showing the Contents of a File 

In “Exploring a List with the SHOW command” on page 2-5, 
you learned how to use the SHOW command to examine 
parameters both individually and in a current parameter set. 
The form of the SHOW command that you used there exam¬ 
ined parameters only in the current parameter sets. This sec¬ 
tion shows how to examine parameters in any file. 

The form of the SHOW command that will display parame¬ 
ter files or programs stored in files is: 

SHOW [BASIC, GAUGE, BAUD, BUS 

or PROGRAM {filename]] 

If the filename is omitted, this command reduces to that used 
to show the current parameter sets. 

Issue the command [SHOW| [GAUGEl HI |ENTER| . Use the 
RH key to see the entries in this GAUGE 1 parameter file. 
Notice that one of the parameter entries is: 

C~RI irnfitE ] 


Now issue the command [SHOW] [ GAUGE] |ENTER] . Use'the 
m key again to look at the entries in this current Gauge 
parameter set. Notice that one of the parameters is: 

( flltrnflfcf 1 

n i 

This is the parameter that you entered in the earlier section, 
“Adding Files”. The differing display windows demonstrate 
that you really are looking at different parameter sets. 

Changing the Contents of a Parameter File 

A parameter file's contents can only be changed by copying 
them to a current parameter set, making the changes in the 
current set, and copying the contents back to the original file. 
The RECALL command will copy a file having a given file 
type to its corresponding current location. After making 
changes in the current set, the results are copied back using 
the STORE command. The STORE command will automat¬ 
ically overwrite an existing file having the same name. 

For example, suppose you want to change the brightness to 9 
in the BASIC 1 file. Issue the command |FUNC| [recall] 

I BASIC! HI I ENTER I to copy the BASIC 1 file into the current 
Basic parameter set. Issue the command |FUNC| 

| BRIGHT NESS) pTl [ENTER 1 to change the brightness in the 
current Basic parameter set. Notice that the brightness of the 
display increases. Now issue the command [FUNC] I STORE I 
I BASIC j HI (ENTER] to replace the original contents of the 
BASIC 1 file with the contents having the modified bright¬ 
ness. The next section will demonstrate that you have actu¬ 
ally made this change. 

Using the Contents of a Parameter File 

The bridge can only act on the contents of a parameter file 
when the contents are copied to the corresponding current 
parameter set. To use the contents of the BASIC 0 file, issue 
the command [FUNCi [RECALL 11BASIC] fol [ENTER| . This will 
cause the contents of this permanently stored file to overwrite 
the contents of the current Basic parameter set. Notice that 
the brightness of the displays decreased immediately. By 
issuing the RECALL command, you have overwritten the 
brightness of 9 that you had left in the current Basic parame¬ 
ter set with a brightness of 5 that was in the BASIC 0 file. 
The brightness change occurred immediately because the 
bridge is continually monitoring the values of the parameters 
in the current parameter sets. 

Now issue the command [FUNCI |RECALL| | BASIC] H~l 
[ENTER] . The brightness of the displays will have increased 
again because you recalled the higher brightness that you 
stored in “Changing the Contents of a Parameter File” above. 
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PARAMETER SET INITIALIZATION 

Using Power-on Parameter Files 

When power is first applied, the bridge looks to see if there 
are any parameter files having a file name of “1” in the 
EEPROM memory. If so, the bridge will copy the contents of 
these files into the current locations of the same file type in 
RAM memory. For any parameter file types that are not 
found with a file name of “1.”, the bridge will read the perma¬ 
nent ROM memory where a file of each file type having a file 
name of “0” always exists. The bridge will copy the contents 
of these remaining files into the current locations of the same 
file type. Thus all current locations are loaded at power-on 
with data from files named “1” if they exist, and files named 
“0” otherwise. 

Specifically, the BASIC 1, GAUGE 1, BAUD 1 and BUS 1 
files stored in EEPROM memory will be loaded into the cur¬ 
rent parameter sets in RAM if the files exist. For any that do 
not exist, the corresponding BASIC 0, GAUGE 0, BAUD 0 
and BUS 0 files are loaded into the current parameter sets 
instead. 

This allows you to define your own power-on bridge charac¬ 
teristics simply by storing the desired power-on files with the 
file name “1” for each desired file type. 

Figure 3-1 on page 3-2 shows a power-on example where a 
BAUD 1 and a BUS 1 file exists in EEPROM and are loaded 
into RAM. No BASIC 1 and GAUGE 1 files exist so the 
BASIC 0 and GAUGE 0 files are loaded from ROM into 
RAM instead. 


The RST Command 

Another way to initialize some parameter sets is with the 
RST command. This command initializes a number of things 
in the bridge and in particular it resets the current Basic and 
Gauge parameter sets to their power-on contents. The current 
Baud and Bus parameter sets are not affected. 

This command is identical to the SPECIAL HALT command 
which can be entered from the front panel with the key 
sequence iFUNCl ISPEClALl IhalTI lENTERl . See page 33 of 
Appendix A, “Command Reference” for more information. 


WORKING WITH PROGRAMS 

The AH 2500A has the ability to create, store and execute 
simple programs. These are sometimes called “macros”. You 
can create programs consisting of collections of most of the 
available AH 2500A commands. The bridge has no condi¬ 
tional. instructions and therefore, any programs that are cre¬ 
ated do not have this capability either. 
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Purpose 

The ability to create programs can. help to automate simple, 
repetitive tasks. These programs, when used in conjunction 
with a logger or printing terminal, may be sufficient to elimi¬ 
nate the need for more complex hardware such as a personal 
computer or GPIB controller. 

Programs are useful for automatically performing a number 
of sequential measurements where bridge settings are slightly 
different for each measurement. For example, one may want 
to measure each of many samples at six different voltage set¬ 
tings. 

Another example is when multiple samples are to be mea¬ 
sured with a sample switch. Programs allow the bridge to 
sequentially measure each sample position and, if necessary, 
to change bridge settings for each sample position. For exam¬ 
ple, each position might have a different zero error for which 
to compensate. 

Programs are also very useful when executed as part of the 
power-on procedure or via an external trigger pulse or the 
GPIB bus GET command. These special capabilities are 
described later. 

A more subtle but very important use of programs is to guar¬ 
antee that desired results logged to remote GPIB devices are 
not lost. See “Receiving Every Response Message” on 
page 6-4. 

Creating Programs 

Programs are easily created by entering the command: 

PROGRAM CREATE 

The bridge will respond with a special “ R ” prompt when the 
command is entered from remote devices. When entered 
from the front keypad the display will show: 


Lr£fyy_Pr_J 


At this point, the sequence of commands that is to form the 
program can be entered in the normal manner. The bridge 
will continue to accept commands in this mode until it 
receives a blank line. This occurs as an I ENTER! from the 
front keypad, a CR from the serial port, or an EOL from the 
GPIB port. 

If you enter an incorrect line, the only way to fix it is to start 
over. There is no way to edit these programs. For this reason, 
each individual program should be kept short. Since pro¬ 
grams can call programs, it is preferable to create several 
short programs rather than one long one. 
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Commands Not Allowed Within Programs 

Not all AH 2500A commands can be included in a program. 
The commands below are not allowed and will produce a 
syntax error as soon as they are entered. 

DELETE 

DELETE PROGRAM 
PROGRAM CREATE 
RECALL PROGRAM 
STORE PROGRAM 

In addition, no STORE commands are allowed in any pro¬ 
gram that is executed with the REPEAT or CONTINUOUS 
qualifiers. These qualifiers are discussed later. The STORE 
commands are also not allowed in any subprogram that is 
called by a program that is executed with the REPEAT or 
CONTINUOUS qualifiers. The End not OPEr RbL E 
error message will be reported if a STORE command is 
detected in any program that repeats. 

Nesting Considerations 

Programs can contain any of the commands that execute 
other (sub)programs. Programs can thus be nested one within 
another. This can occur to a nesting depth of eight. If this 
depth is exceeded, aPrC nE St Error will be reported. 

Prompts Generated within Programs 

Some AH 2500A commands generate prompts. Outside pro¬ 
grams, these prompts always cause execution to stop and 
must be answered before the command will continue. Inside 
programs, most of these prompts can be answered by the pro¬ 
gram itself or they can prompt you for a response. 

1. The DELETE and TEST 1 .x commands will check the 
next command in the program to see if it is a YES. If 
so, the command will be executed. If not, you will be 
prompted with ARE YOU SURE?. 

2. All other TEST commands that generate prompts will 
check the next command in the program to see if it is a 
STEP or SAMPLE command. If so, the STEP or 
SAMPLE command will be executed and the TEST 
will continue. If not, you will be prompted with a mes¬ 
sage corresponding to the test being executed. 

3. A number of calibration related commands require the 
entry of passcodes. You can include a passcode in a 
program so that the program will run without prompt¬ 
ing if the passcode is correct. Even though a passcode 
can be stored in a program, there is no way to read it 
even with the SHOW PROGRAM command. 

If you want a program to prompt for a passcode, you 
must follow the prompting command in the program 
with tire EDIT command word. Each occurrence of the 
EDIT command word will cause you to be prompted 
for one passcode. 

4. The CALIBRATE 3 command will never take a 
response from a program; it will always prompt you. 


Saving Programs 

After your program has been entered, it becomes the current 
program and is located in RAM. It can be executed in this 
location, but it will be lost if the power is lost. 

The current program can be stored as a file in EEPROM 
memory using the command: 

STO RE PROGRAM filename 

where filename i s any digit string as described in “File 
Names” on page 3-8. If a program file with the same filename 
already exists in EEPROM memory, it will be overwritten by 
the new program. 

Recalling Programs 

A program can be recalled from EEPROM memory into the 
current program location and will overwrite the current pro¬ 
gram. The value of this operation is in changing the filename 
of a program since the current program can now be stored 
under a different name. 

A program can be recalled from EEPROM memory using the 
command: 

REC ALL PR OGRAM filename 

Figure 3-1 on page 3-2 shows an example where PROGRAM 
107 is recalled. 

If you are unsure of what program files have been stored, the 
DIRECTORY PROGRAM command can be used to list 
them. 

Showing the Contents of Program Files 

The following command will report the contents of any pro¬ 
gram file: 

SHOW PROGRAM [filename] 

The current program will be shown if no filename is entered. 

On Remote Devices 

The contents of a program file as reported to remote devices 
has a format that is virtually identical to that which was used 
to enter the commands from a remote device. The main dif¬ 
ference is that only the three leading characters of each com¬ 
mand word will be reported even though many more may 
have been entered. The other difference is that a space is 
printed in the first column of each result line where the 
prompt was located when the commands were entered. 
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On the Front Panel Display 

On the front panel display, the contents of each line of a pro¬ 
gram file are shown in a group of up to three windows. An 
additional one at the right is used to display a line number for 
the command. As usual, each window of a line can be shown 
one-by-one by pressing the [*•] and [*] keys. As with 
remote devices, only the three leading characters of each 
command word will be shown. Pressing the | ENTER 1 key will 
abort the SHOW command at any time on the front panel. 

Executing Programs 

There are two fundamentally different ways of executing a 
program. One is to let it run unattended at its maximum rate 
(unless limited by the CONTINUOUS qualifier discussed 
below). The other is to let it run until a result is generated at 
which time it stops and waits for you to cause it to continue. 
The choice will usually be determined by whether the results 
are to be recorded by a remote device or read from the front 
panel display. 

Non-Stop Mode 

The following command will execute any program file: 
PROGRAM [filename ] 

The program will execute at its maximum rate until it is fin¬ 
ished. The current program will be executed if no filename is 
entered. 

Single-Step Mode 

The following command will execute any program file in sin¬ 
gle-step mode: 

PR OGRAM [filename] SINGLE 

The program will stop every time it reports a query result. 
When it stops, pressing the |STEP| key on the front panel key¬ 
pad will cause it to continue. 

On remote devices, a “/” prompt will be printed following 
the query result. Entering the STEP or X command will 
cause the program to continue. 

The current program will be executed if no filename is 
entered. 

Repetitive Mode 

Any program can be executed repetitively in single-step or 
non-stop modes. The number of times it is to execute can be 
selected. The command used is: 

PROGRAM [filename] REPEAT [count] 

If the REPEAT qualifier with no count is entered, execution 
of the program will be repeated indefinitely. If the REPEAT 
qualifier with a count is entered, the program will be exe¬ 
cuted the number of times specified by the count. 
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Continuous Mode 

The time interval used to execute (sub)program commands 
and ail query commands within a program can be specified. 
The command is: 

PROGRAM [filename] CONTINUOUS interval 

The time interval is entered in seconds to the nearest tenth. 
This interval is measured from the start of execution of any 
contained query or (sub)program command to the start of 
execution of the next contained query or (sub)program com¬ 
mand. 

The CONTINUOUS command qualifier is useful in two 
ways. First it can set the rate at which programs execute. This 
is helpful when too much data might otherwise be generated. 
Second, this qualifier can help extend the display time of 
results shown on the front panel. (See “PROGRAM EXAM¬ 
PLE” on page 3-14 for another way to control the display 
time.) 

Full Program Execution Command 

The general form of the program execution command is 
given below. This includes all the options described above. 

PROGRAM [filename] [SINGLE] 

[CONTINUOUS interval] [REPEAT [count]] 

The optional qualifiers and parameters in this command may 
be combined in any way. 

Execution of Subprograms 

The execution mode, the time interval value and the repeat 
count are applied only to the program whose filename was 
entered with these values. These values are not applied to any 
subprograms that this program may call. Such subprograms 
will use the values that were entered with the command that 
called the subprogram. This means that a program containing 
subprograms can execute with different settings of the execu¬ 
tion mode, time interval value and repeat count for each sub¬ 
program. 

Information Available During Execution 

An executing program is indicated by a flashing units indica¬ 
tor. The LED that flashes is the one that would normally be lit 
to indicate the current loss units. The flash rate is about two 
per second. 

The number of windows shown in the front panel display is 
dependent upon the results produced by the command that a 
program is executing at the moment. For example, a mea¬ 
surement will have two windows available and a test com¬ 
mand will have six available. As with other results, these can 
be displayed one-by-one by using the [jR] and [RFj keys. 
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Aborting Programs Prematurely 

The DEVICE CLEAR command can be used to abort any 
program prematurely. This command is described in more 
detail in Appendix A, '‘Command Reference'’. 

Programs in the process of execution, may or may not behave 
like query commands. If the root program or any of the sub¬ 
programs that it calls contain a query command then the root 
program will be query interruptible. If no query command is 
contained, then the program will not be query interruptible. 
Thus, some programs can be aborted simply by entering 
another command while the program is running. 


SPECIAL PROGRAMS 

Two special program filenames exist in the AH 2500A. These 
are PROGRAM 1 and PROGRAM 2. Any program stored as 
PROGRAM 1 will be executed immediately after power-on. 
Any program stored as PROGRAM 2 will be executed when¬ 
ever the GPIB GET bus command or TRG commands are 
received. These programs are seen in Figure 3-1 on page 3-2. 

Power-On Programs 

Normally the AH 2500A performs some tests of its digital 
circuitry immediately after power-on. This takes only a mat¬ 
ter of seconds to complete. The bridge is then ready to exe¬ 
cute commands. About fifteen minutes is required for the 
oven to warm up and stabilize before full precision measure¬ 
ments can be taken. These are the only events that occur if no 
PROGRAM 1 file exists. 

If a PROGRAM 1 file does exist, it will be executed follow¬ 
ing completion of the digital circuitry tests. Since the AH 
2500A program features are very flexible, there are a variety 
of possibilities here, some of which are: 

• Use the HOLD command to delay 15 minutes until the 
oven has stabilized, configure the bridge to log its mea¬ 
surements to a remote device and then take measure¬ 
ments continuously. 

• Perform some verifications and/or tests while the bridge 
is warming up. An internal calibration might be created 
and saved after warm-up so that the bridge is functioning 
optimally in its power-on environment. 

• Recall parameter sets other than the default sets and then 
make further adjustments to the current parameter set¬ 
tings. 

• Use the SHOW command to log current device settings 
for routine documentation purposes while waiting for the 
bridge to warm up. This is an easy way to ensure that rel¬ 
evant bridge settings are recorded with each day’s data 
run. 


* Zero compensation values could be measured and stored 
as corrections for each setting of a sample switch. 

The emphasis with all possibilities such as these is that they 
can occur fully automatically with no operator intervention. 

The TRG/GET Program 

The GPIB implements a special bus command called Group 
Execute Trigger or GET. When a GPIB controller sends this 
command over the GPIB, all instruments that are addressed 
to listen will begin performing an operation. Thus the GET 
command is a convenient way of initiating simultaneous 
actions among a group of instruments. 

An ordinary AH 2500A command also exists which performs 
exactly the same function as the GPIB GET command. This 
is the “trigger” command which has the syntax: 

TRG 


Typically, in response to a GET or TRG command any 
instrument performs the basic function for which it is 
designed. In the case of the AH 2500A, this is the SINGLE 
command. This is the command that will be executed if no 
PROGRAM 2 file exists. 

If a PROGRAM 2 file does exist, then its contents will be 
executed when a GET or TRG command is received. Thus, 
the existence of a PROGRAM 2 file allows the GET and 
TRG commands to initiate much more complex operations 
than would otherwise be possible. 

There is no special relationship between the GET or TRG 
commands and the external trigger input. 

TIMING IN PROGRAMS 

In addition to being able to specify the time interval between 
the start of one execution of a program to the start of the next 
execution, it is also possible to introduce delays at any point 
within a program. These delay times can be specified by val¬ 
ues contained within the program or they can be specified to 
last until an external trigger pulse is received. 

Specifying a Fixed Delay Time 

Execution of the following command causes the bridge to 
execute no further commands until the specified period of 
time has elapsed. 

HO LD delay 

The delay parameter is the delay time until the bridge is to 
execute the next command. The maximum delay time is 
99,999,999 seconds. Once this command is executed, it can 
only complete by timing out or it can be aborted with a 
DEVICE CLEAR command. Additional commands may be 
entered following the HOLD command, but they will not be 
executed until the HOLD command finishes. 
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Since this command is capable of hanging the bridge for a 
long time, its execution is indicated on the lower front panel 
display by a decrementing timer that shows the time remain¬ 
ing before the command completes. For example: 

rwid i 

! ^ 1 


Specifying the Display Time of a Result 

You can set the amount of time that a result is displayed on 
the front panel by a program using the HOLD command. 
This is done by simply putting a HOLD command immedi¬ 
ately following the command whose displayed result time is 
to be set. Instead of showing the countdown timer on the 
front panel display, the bridge will show the result of the pre¬ 
vious command instead. 

Synchronizing to an External Trigger Pulse 

Another version of the HOLD command described above can 
cause the bridge to stop executing commands until an exter¬ 
nal trigger pulse is received. This will occur if the delay 
parameter is set to zero when the HOLD command is 
entered. The bridge will wait indefinitely until an external 
trigger pulse is received. This is the only command that is 
affected by external trigger pulses. 

The external trigger input is a BNC connector.located on the 
back of the bridge. Any TTL compatible negative edge-trig¬ 
gered signal applied to this input will be interpreted by the 
bridge as a trigger signal. This input is normally at +5 volts 
when nothing is connected to it. It can be shorted to ground 
with a switch to generate a trigger signal . If triggering is done 
with logic devices, they must be capable of sinking at least 2 
milliamperes of current at 0.4 volts or less in the low state 
and sourcing 100 microamperes at 2 volts or more in the high 
state. 

Perhaps the most common application for an external trigger 
input is to take a single measurement for each trigger signal 
that is received. See “Initiating with an External Trigger Sig¬ 
nal” on page 4-4 for an example. This is a simple but useful 
application of the HOLD 0 command. It can also be used 
within programs to trigger much more complicated command 
sequences. 


CAUTION 

Voltages outside the range of -25 to +25 volts may damage 
the external trigger input. 


Handling Unexpected Trigger Pulses 

You have a choice of what happens to external trigger pulses 
that arrive when no HOLD 0 command has been executed to 
receive them. The choice is to allow such pulses to be buff¬ 
ered or to report an error. 

If the pulses are buffered, as many as 255 of them can be 
accumulated. Any trigger pulses that occur which would 
cause this number to overflow are ignored. Every time the 
HOLD 0 command is executed with a non-zero buffer count, 
the buffer count will be decremented and the HOLD 0 com¬ 
mand will finish immediately. 

Alternatively, if you choose to report an error, then each trig¬ 
ger pulse that is received with no waiting HOLD 0 command 
will cause an “E” error. This is a soft error that will be added 
to the next measurement result. It will be shown as an “E ” in 
the upper right comer of the front panel display. 

You choose which way the trigger pulses are handled by exe¬ 
cuting the following command: 

HOLD SPECIAL trighuf 

This causes external trigger pulses to be buffered as they 
come in if trighuf is set to a one. If trighuf is set to a zero, 
then no buffering occurs. The default value stored in the 
BASIC 0 parameter file is one. 

Execution of this command clears the trigger buffer. As a 
result, this command should be placed at the beginning of 
any program that will use buffered trigger pulses. This will 
ensure that the program does not immediately “choke” on 
leftover trigger pulses. 


PROGRAM EXAMPLE 

There is an easy way to control the display time of results in 
programs of any complexity. First, create a program like: 

SINGLE 

PROGRAM 

Store this program as PROGRAM 10. This program takes 
one measurement and then executes the current program 
once. Now use PROGRAM 10 as a subprogram in your main 
program in every place where you want to take a measure¬ 
ment. If you create a current program that just has the 
HOLD 1 command, then your main program will pause for 
one second after every measurement. Since it is easy to 
change the current program, it is also easy to change the dis¬ 
play time even if the measurement occurs in many places and 
in many subprograms. 
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Chapter 4 


Measurement Essentials 


This chapter discusses the fundamental technical aspects of 
making precision capacitance and loss measurements. It is 
intended for anyone who needs to know not only how to 
operate the AH 2500A but also how to set it up to make pre¬ 
cision measurements. 

It is easy for an unskilled operator to make accurate capaci¬ 
tance and loss measurements with the AH 2500A by simply 
connecting an unknown impedance or manufactured trans¬ 
ducer between its HIGH and LOW terminals. However, for 
anyone who wishes to design or repair transducers, or who 
simply wants to increase his or her level of knowledge or 
confidence when making precision measurements, the basic 
principles of operation that the AH 2500A uses to make mea¬ 
surements are important. 

BASIC BRIDGE CIRCUITS 

Unlike most other automatic capacitance meters produced 
today, the AH 2500A incorporates a true bridge in the con¬ 
ventional sense of the word. For general information about 
bridge circuits see chapters 3 and 4 of Reference 14 in the 
Bibliography. 


Construction of the Basic Bridge 

The use of specially-wound ratio transformers and a temper¬ 
ature-controlled fused-silica capacitor in the basic bridge cir¬ 
cuit are major contributors to the extremely high accuracy 
and precision that the AH 2500A offers. The basic bridge cir¬ 
cuit is shown in Figure 4-1. 

A 1 kHz sine wave generator excites the ratio transformer 
which forms legs 1 and 2 of the basic bridge. Both of these 
legs have many transformer taps to allow selection of pre¬ 
cisely defined voltages to drive legs 3 and 4 of the bridge. 
Leg 3 consists of one of several fused-silica capacitors plus 
other circuitry that simulates a very stable resistor. Leg 4 
contains the unknown impedance. The microprocessor in the 
AH 2500A performs the task of selecting (or balancing) Taps 
1 and 2 of the transformer and of selecting C 0 and R 0 so that 
the voltage present at the detector is minimized. The detector 
is capable of detecting both in-phase and quadrature voltages 
with respect to the generator voltage. This allows both resis¬ 
tive and capaciti ve components of the unknown impedance 
to be independently balanced. If the microprocessor is able to 
obtain this null (minimum voltage) condition, the unknown 
capacitance can then be determined since the ratio of the 
unknown capacitance (C x ) to C 0 is equal to the ratio of the 
voltage on Tap i to the voltage on Tap 2. Similarly, the 




Ratio 

T ransformer 


Figure 4-1 Basic bridge circuit 
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unknown resistance can be determined since the ratio of the 
unknown resistance (R x ) to R 0 is equal to the ratio of the 
voltage on Tap 2 to the voltage on Tap 1, The microprocessor 
performs these calculations and displays the capacitance and 
loss results. For a more detailed description of the circuitry in 
the AH 2500A, refer to Chapter 10, “Circuit Descriptions”. 

Bridge Connection Issues 

The connections to the unknown capacitance marked H 
(HIGH) and L (LOW) in the diagram correspond to the cen¬ 
ter conductors of the BNC connectors on the rear panel of the 
AH 2500A. The grounds (shields) of the BNC connectors are 
connected to the junction of legs 1 and 2 and to the detector. 
Examining Figure 4-1 shows that the HIGH and LOW termi¬ 
nals are very different from each other. The HIGH terminal is 
switched directly to the ratio transformer and is a low imped¬ 
ance source of voltage which can range from 0.0005 to 15 
volts RMS. In contrast, the LOW terminal is a very high 
impedance input. 

The voltage present on the LOW terminal can vary greatly 
when the bridge is not balanced. When the bridge is bal¬ 
anced, the signal on the LOW terminal is a few microvolts, 
but broadband noise at the LOW terminal is far greater in 
amplitude. The greater the capacitance of the LOW cable and 
the lower the unknown impedance, the more this noise will 
tend to be shunted to ground. If one were to connect an oscil¬ 
loscope to the LOW terminal with the bridge balanced, a 
small, noisy signal would be displayed. The HIGH terminal 
would display a pure one kilohertz sine wave (but this is hard 
to measure cleanly in practice if the voltage is small). 

Because of the small signal levels present on the LOW termi¬ 
nal, all connections to this terminal must be very well 
shielded against external electrical noise. Care must also be 
taken to minimize mechanically generated triboelectric volt¬ 
ages in the LOW cable. This is done by using low-noise cable 
and subjecting it to as little mechanical shock and vibration 
as possible. The HIGH cable requires no special treatment in 
this respect. 

THREE-TERMINAL 

MEASUREMENTS 

In the section “Two- Vs. Three-Terminal Connections” on 
page 2-10, the limitations of making two-terminal measure¬ 
ments were explored. Since the highest-precision capacitance 
measurements can only be made using three terminals, the 
discussion of the operation of the AH 2500A will be concen¬ 
trated on this method. 
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How the Bridge Makes Three-Terminal 
Measurements 

The unknown impedance is measured between the center 
conductors of the BNC coaxial connectors on the rear panel 
of the bridge. The impedances between these center conduc¬ 
tors and ground (bridge chassis) do not contribute to the mea¬ 
surement result. The reason for this is understood by 
referring to Figure 4-1. 

If an impedance is added between the HIGH terminal and 
ground the only effect it has is to load the ratio transformer. 
Loading the ratio transformer is nonnaily caused by the 
capacitance of the coaxial cable connected to the HIGH ter¬ 
minal. The ratio transformer has a sufficiently low impedance 
that this loading will cause a noticeable error only for long 
cable lengths. 

If an impedance is added between the LOW terminal and 
ground, the effect is to shunt the detector. For normal cable 
capacitance, this will reduce noise at the detector. If a resistor 
shunts the LOW terminal, its thermal noise will add to the 
noise that the detector sees. 

Measurements other than Three-Terminal 

Two-terminal measurements can be made by simply making 
no connection to the three-terminal ground; the unknown is 
placed between the HIGH and LOW terminals. This works 
only for unknown impedances where both terminals are free 
to float with respect to ground. If either terminal needs to be 
grounded or related to ground through a low impedance, the 
measurement cannot be made. 

Some capacitance bridges use four- and five-terminal mea¬ 
surement techniques to sense and correct for voltage drops 
that occur in the cables that connect the unknown to the 
bridge. The voltage drops are the result of measuring low 
impedance unknowns and/or operating at high frequencies 
which causes relatively large currents to flow. The AH 2500A 
uses only three terminals because the medium and high 
impedance ranges that it covers do not require four- or five- 
terminal techniques to obtain the required level of precision. 
Three-terminal measurements are much easier to make than 
four- or five-terminal measurements because of the reduced 
number of connections that are needed. 

Three-Terminal Advantage over Two 

To better understand the advantages of three-terminal mea¬ 
surements, we can represent a physical capacitor connected 
to the AH 2500A as three separate capacitors as shown in 
Figure 4-2. 

The direct capacitance C HL , which appears between the 
HIGH and LOW terminals is the desired unknown three-ter¬ 
minal capacitance combined with whatever undesired stray 
capacitance may exist. The capacitors and C L( ;; repre¬ 
sent the capacitance of the unknown capacitor plates to sur¬ 
rounding objects (such as the capacitor case and ground), of 
the coaxial cable center conductor to its shield, and of the 

AH 2500A Capacitance Bridge 


004 






connections from each other. Any breaks in the shield that are 
sufficient to allow conductors connected to the LOW termi¬ 
nal to see conductors connected to the HIGH terminal (other 
than across the plates of the unknown capacitor itself) will 
create an undesired capacitance that adds to the measured 
value of the unknown capacitor, causing the measured value 
to be greater than the actual value. Changes in the physical 
geometry of the measurement system that affect the values of 
Chg an< 3 Clq (for example different cable lengths) will, ide¬ 
ally, have no effect on the measured value of the unknown 
capacitor. Changes in the internal geometr y of the measure¬ 
ment system that affect the direct capacitance will be mea¬ 
sured. 


Figure 4-2 Simple three-terminal capacitor model 

center of the coaxial connector to ground. As we saw earlier, 
the stray capacitance does not affect the measured value of 
C fIL when three-terminal measurements are made. 

Now consider what happens when the three-terminal mea¬ 
surement configuration is converted to a two-terminal mea¬ 
surement configuration by connecting the LOW terminal to 
ground. This eliminates C LG and puts and Cjj G in paral¬ 
lel so that two-terminal measurements cannot separate the 
two capacitances. Cj{ G contains stray capacitance caused by 
surrounding objects and also capacitance contributions from 
the coaxial cable that are proportional to the cable length. 
Therefore, Cjil cannot be measured accurately, unless it is 
much larger than C HG . This is a very serious limitation to 
precise measurement. 



NOTE 

One of the most important consequences of this need to mini¬ 
mize C H q is the choice and use of connecting cables. Preci¬ 
sion three-terminal measurements are never, never, never, 
made with cables or structures that provide anything other 
than 100% shielding. This means, for example, that such 
measurements must never use clip leads or unshielded 
banana terminals even if only at the end of a coaxial cable. 
This also means that the quality of the shielding on any cable 
used should be explicitly determined by measuring the peek- 
through capacitance with your AH 2500A. The result should 
be zero. 

Three-Terminal Construction Considerations 

Figure 4-3 shows an ordinary two-terminal capacitor. 

Figure 4-4 shows a shield that was added to the two-terminal 
capacitor to make it three-terminal. The second figure illus¬ 
trates that the shield completely surrounds the connections to 
the HIGH and LOW terminals of the bridge from the three- 
terminal capacitor. Although it is important to shield the 
LOW terminal connection from electrical noise, the primary 
purpose of the shielding is to isolate the HIGH and LOW 


Figure 4-4 Ideal three-terminal capacitor 

These internal changes can occur not only in the area and/or 
separation of the capacitor plates, but also in the shield 
geometry in a way that changes the direct electric field. They 
can also occur in the chemical nature or the physical geome¬ 
try of the dielectric in which the direct electric field exists. 
The shield can even be configured to come between the 
capacitor plates so that only a small aperture remains in the 
shield. This would allow the direct capacitance to be made 
arbitrarily small. 

Similar considerations also allow the loss associated with the 
direct capacitance to be limited to the loss that is actually part 
of the unknown capacitance. This is important when mea¬ 
surements of dielectric properties are being made. The insu¬ 
lating materials which are necessarily a part of the 
measurement setup (for example the polyethylene in the 
coaxial cable) must not contribute to the measured value for 
the direct loss. Conceptually, this is simply a matter of keep¬ 
ing undesirable dielectrics out of the field of the direct capac¬ 
itor, but practically, it places constraints on the design of 
three-terminal capacitors and transducers. Figure 8-6 on page 
8-3 shows an example of such an undesired dielectric. 
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INITIATING MEASUREMENTS 

The rest of this chapter assumes that you are familiar with 
Chapter 2, “Basic and Initial Operation”. 

Taking Measurements One at a Time 

The command that initiates a single measurement from the 
front panel or a remote device is: 

SINGLE or Q 

This command accepts no parameters. The operation of the 
SINGLE command from the front panel is discussed in 
“MAKING SINGLE MEASUREMENTS” on page 2-6. In 
addition to the SINGLE command, pressing only the letter Q 
(for Question) without the return key will start a measure¬ 
ment on an RS-232 device. This is more convenient for mak¬ 
ing repeated measurements. 

Initiating with an External Trigger Signal 

The simplest way to remotely trigger a new reading from the 
AH 2500A is by using the external trigger input. The bridge 
does not default to this mode of operation but it is easily set 
up so that an external trigger signal causes a reading to be 
taken. To do this requires that a very simple program be writ¬ 
ten and executed. The example below shows how: 

>PR0GRAM CREATE 
*HQLD 8 
“SINGLE 
8 


>3TQRE PROGRfin 10 
>PR0GRRf1 18 REPEAT 


C = 8 4 3 . 

,318 

PF 

L- 

= 8 , 

,03721 

NS 

C - 8 4 3 : 

,328 

PF 

L = 

= 0 , 

,03719 

NS 

C = 843 

, 323 

PF 

L = 

= 0 , 

.03721 

NS 


After the program was created, it was saved as a PROGRAM 
1 8 file. The program was then executed repetiti vely. The 
HOLD 8 command waits indefinitely for an external trigger 
pulse to occur. A measurement result will be reported by this 
program for each pulse that is received. This is a simple 
application of the HOLD 0 command. It can also be used 
within programs to trigger much more complicated command 
sequences. See “WORKING WITH PROGRAMS” on 
page 3-10 and especially “Synchronizing to an External Trig¬ 
ger Pulse” on page 3-14 for a more detailed description of the 
external trigger input and of the HOLD 0 command. 

Initiating with a TRG/GET Program 

A new measurement can also be initiated with a TRG com¬ 
mand or a Group Execute Trigger (GET) from the GPIB. One 
way to do this requires that no PROGRAM 2 file exists. If 
this is the case, then one measurement will be taken every 
time a GET from the GPIB or a TRG command is issued. 
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The other way to use the TRG/GET commands requires that 
a very simple program be written and executed. The example 
below shows how: 

>PRQGRAf1 CREATE 
^SINGLE 

8 

>ST0RE PROGRAM 2 
>TRG 

C-347.312 PF L — 0.01021 NS 

> 

After this one-line program was created, it was saved as a 
PROGRAM 2 file. That special file is executed every time a 
TRG command or a GET from the GPIB is issued. The 
advantage of this more complicated method is that you can 
write the program to do many other things. See “WORKING 
WITH PROGRAMS” on page 3-10 and especially “The 
TRG/GET Program” on page 3-13 for more information. 

Taking Measurements Continuously 

In the continuous reading mode, the bridge takes measure¬ 
ments repetitively until temporarily interrupted with a com¬ 
mand input or permanently stopped. The discussion below 
assumes that you are familiar with “MAKING CONTINU¬ 
OUS MEASUREMENTS” on page 2-7. To put the bridge 
into continuous mode, enter the command: 

CONTINUOUS [interval] 

where the optional interval parameter can be entered as sec¬ 
onds or as seconds and tenths of seconds. If interval is zero, 
readings are taken at the maximum rate. This maximum rate 
is determined primarily by the setting of the averaging time 
which is discussed in “Averaging Time” on page 4-6. 

The interval parameter represents the time from the begin¬ 
ning of one measurement to the beginning of the next mea¬ 
surement. As a resul t, this time must be chosen to be long 
enough so that it exceeds the time that the bridge requires to 
take a reading. If this is not the case, then readings will be 
taken at the maximum possible rate just as if no interval 
parameter had been entered. The maximum interval that can 
be entered is 99,999,999 seconds. 

The action of the CONTINUOUS command is stopped with 
the command: 

SINGLE or Q 

In other words, the CONTINUOUS command enables con¬ 
tinuous measurements and the SINGLE or Q command dis¬ 
ables them. If continuous reading mode is active, issuing the 
SINGLE or Q command will cause a reading to be taken and 
will abort continuous measurements. 
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MEASUREMENT SPEED VS. 
MEASUREMENT FLUCTUATION 

In most applications it is desirable not to spend any more 
time than necessary to make a measurement. In some appli¬ 
cations, it is critically important to make measurements as 
fast as possible. The AH '2500A has been optimized to make 
the fastest measurements possible within several fundamen¬ 
tal constraints. 

First, the operating frequency of the AH 2500A is 1 kHz. To 
make a very fast measurement still requires a minimum num¬ 
ber of complete cycles of the l kHz test signal. Under ideal 
conditions, the bridge can report measurements so fast that it 
takes only 40 cycles of the test signal. This is assuming that 
the ratio-transformer taps have already been set-up correctly. 

If the ratio-transformers need to be balanced, then a number 
of relay settling times are involved so that several tenths of 
seconds are required. The first measurement of an unknown 
will require a minimum of about 0.3 to 0.5 seconds, most of 
which is used to balance the bridge. 

Beyond these issues, there is a fundamental trade-off 
between the amount of fluctuation in the measurement results 
and the time taken per measurement. To reduce the effects of 
unavoidable input-amplifier noise and thereby to get the 
hlghest-quality measurements requires averaging (internally 
or externally) as many measurements as is practical over a 
period of time. 

Understanding what the Bridge may do 
During a Measurement 

Bridge Balancing Algorithms 

The simple diagram, of the basic bridge shown in Figure 4-1 
suggests that the process of balancing the bridge is a simple 
one, but this is not the case. Bridge firmware does not control 
a straight-forward dual slope detector, it controls many 
decades of transformer taps of a true ratio-transformer 
bridge. Complex algorithms are required to balance the resis¬ 
tive and reactive components of the unknown over greater 
than twelve orders of magnitude. This is especially difficult 
when the unknown may be changing, may contain high noise 
levels or may exhibit negative resistive and/or reactive com¬ 
ponents. The balancing algorithm must always respond with 
a meaningful, precise measurement result or it must identify 
why a precise measurement is not possible and reply with an 
eiror message. Instead of meaningless results, the AH 2500A 
has been designed to report either valid measurements or rel¬ 
evant eixor messages when the unknown differs from what 
the bridge expects to measure. All the while, measurements 
must occur as quickly as possible. 

The many possible outcomes of an attempt to make a mea¬ 
surement cause the amount of ti me required to make a mea¬ 
surement to vary. The time variation can range from under 40 
milliseconds to about 1000 seconds. Two factors account for 


most of the variation. One factor is the averaging time and 
the other is the use of cold-starts versus warm-starts. 

Coid-Start 

The terms '“warm-start” and ‘‘cold-start” refer to the degree to 
which the bridge has previously been balanced. A cold-start 
means that the bridge is so far out of balance that the balanc¬ 
ing algorithms must be started from the beginning. This can 
add as much as 0.4 seconds to the time needed to make a 
measurement. 

Warm-Start 

A warm-start means that the bridge is very close to being in 
balance so that the preliminary work done during a cold-start 
is complete. A warm-start requires from zero to 0.2 seconds 
to perform. At the beginning of every measurement, the AH 
2500A attempts a warm-start. If a warm-start does not suc¬ 
ceed, it reverts to performing a cold-start. The total measure¬ 
ment time consists approximately of the sum of the cold or 
warm-start times plus the averaging time. 

Measurement Times 

For time-critical applications, it is important to realize that 
the balancing algorithms of the AH 2500A can take varying 
amounts of time to execute depending on the behavior of the 
unknown. If a problem occurs while a measurement is in 
progress such that the unknown prevents the bridge from bal¬ 
ancing, the measurement attempt is aborted and a second 
attempt is made using a cold-start. If the second attempt fails, 
an error message is displayed and the time spent on the two 
attempts is typically on the order of a second. If the second 
attempt succeeds, a measurement is displayed and the inci¬ 
dent will, be transparent to you except that the measurement 
time can be at least twice as long as the selected averaging 
time. 

For well-behaved unknowns, the measurements will be per¬ 
formed in the normal time period nearly 100 percent of the 
time. If the unknown is slowly changing, a different trans¬ 
former tap will occasionally need to be selected. Selecting a 
different transformer tap may cause the current measurement 
to be aborted, causing a cold-start followed by a normal mea¬ 
surement. When this occurs, the normal measurement time is 
increased by the time taken for the cold-start and the partially 
completed measurement. This occurs infrequently, but is 
apparent, particularly for short averaging times and is consid¬ 
ered normal behavior. 

When measuring noisy or poorly behaved unknowns, an 
occasional abnormally long measurement time may occur 
more frequently. Noise can introduce a spike or burst that 
causes the bridge to briefly appear unbalanced thereby 
requiring a cold-start. In summary, changing or noisy 
unknowns may require more or less than a normal measure¬ 
ment time to display a result and you should consider this to 
be normal bridge operation. 
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Averaging Time 

Averaging time is a measurement parameter that reduces the 
effects of random noise by internally averaging the noise 
over a period of time. Any high gain amplifier (like the detec¬ 
tor connected to the LOW terminal of the AH 2500A) gener¬ 
ates random noise at its input. Amplifier noise is unavoidable 
and is the main reason for providing control over the averag¬ 
ing time. Externally generated noise can also be reduced by 
averaging if it is random. 

Because of noise, measurements taken with a short averaging 
time will fluctuate more than those taken with longer averag¬ 
ing times. If the noise is truly random, the amount of varia¬ 
tion in the measurements is inversely proportional to the 
square root of the time over which the results are averaged. 
Therefore, a four second averaging time gives a result that 
has half the variation from measurement to measurement as 
one taken with a one second time. Unknowns whose actual 
value changes slightly during the measurement time will 
show a measured value that is the average of the actual value 
during this time. This is true only for small changes in the 
unknown's value; changes which are large enough to require 
selecting a different ratio transformer tap may cause the mea¬ 
surement to be re-started or aborted. 

You may ask why you should use the averaging abilities of 
the AH 2500A rather than those of the computer that you 
may be using to capture data from the bridge. Indeed, for 
longer measurement times, using your computer may be use¬ 
ful. However, for shorter averaging times, the AH 2500A 
spends proportionately less time internally in the process of 
sampling and averaging the noise that it sees on the LOW ter¬ 
minal. Proportionately more time is spent preparing to take a 
measurement and in reporting the results. Thus the best 
results will al ways be obtained when the bridge is set to a 
longer averaging time so that it spends proportionately more 
of its time sampling its input. Due to this effect, the variation 
in the measurement results improves more rapidly than the 
inverse square root of the measurement time for short times. 

Changing the Averaging Time 

The length of time during which data is being measured 
before being displayed may be selected with the following 
syntax: 

AVERAGE averexp 

Where the possible values of averexp (average time expo¬ 
nent) are listed in Table 4-1. The AVERAGE command is so 
named because the bridge hikes multiple internal sampling 
readings during this time and averages them to reduce the 
effects of noise before printing or displaying the result. The 
number of samples taken and the time per sample depend on 
averexp as shown in the table. The averaging time is the 
product of the number of samples and the sample time. (The 


Table 4-1 Measurement times 


Aver - 
exp 

Number 

of 

Samples 

Sample 

Time 

Approximate 

Warm-start 

Measurement 

Time 

0 

1 

0.01 sec. 

0.04 sec. 

1 

1 

0.05 

0.08 

2 

1 

0.10 

0.14 

3 

2 

0.10 

0.25 

4 

4 

0.10 

0.5 

5 

8 

0.10 

1 

6 

16 

0.10 

2 

7 

32 

0.10 

4 

8 

64 

0.10 

8 

9 

128 

0.10 

15 

10 

256 

0.10 

30 

11 

512 

0.10 

60 

12 

1024 

0.10 

120 

13 

2048 

0.10 

250 

14 

4096 

0.10 

500 

15 

8192 

0.10 

1000 


term “sample” as used here is totally different from that asso¬ 
ciated with the “sample switch”.) 

Except for short averaging times, the warm-start measure¬ 
ment time is about 25% greater than the averaging time. This 
is true when repeated measurements are made on fairly stable 
unknowns with tracking mode (discussed below) disabled. 
Table 4-1 shows the approximate warm-start measurement 
times in seconds which result from the various averaging 
time exponents. 

For the first measurement on an unknown, and for changing 
unknowns, the minimum time between measurements is 
longer than the warm-start time by as much as 0.4 seconds. 
This is a result of having to perform a cold-start as discussed 
in “Cold-Start” on page 4-5. Thus the expected total mea¬ 
surement time can be as much as 0.4 seconds longer than the 
warm-start time. Unusual unknowns may cause the bridge to 
do additional error checking. This could make the actual total 
measurement time exceed the expected time. 

Notice that increasing averexp by 1 approximately doubles 
the measurement time. Increasing averexp by 2 approxi¬ 
mately quadruples the measurement time and therefore 
reduces the fluctuation in the measurement results by a factor 
of two. 

The default value of averexp stored in the GAUGE 0 parame¬ 
ter file is four which gives a warm-start time of 0.5 second. 
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Forcing a Cold-Start to get Highest Reliability 

Since a cold-start requires a significant amount of time to 
perform, the bridge avoids doing it for the shorter averaging 
time settings. If the bridge senses that a well-behaved 
unknown impedance is connected and the averaging time is 
low, a cold start is done only on the very first measurement. 
Another cold-start will never be performed as long as the 
unknown appears to be well-behaved. In practice this works 
fine, but in theory, rare problems could occur. 

The worst possibility is when a LOW to ground short occurs 
sometime following a cold-start and with an otherwise well- 
behaved unknown. The bridge still appears to be balanced 
since the input voltage has remained near zero. This will be 
true even if the unknown changes or is removed provided 
that the short is not interrupted. The bridge is “fooled” into 
reporting the same readings as before the short occurred even 
though the capacitor may have been removed. 

This problem can be avoided by forcing the bridge to per¬ 
form a cold-start for every measurement. Setting averexp to 
be greater than or equal to 7 will force a cold-start to be per¬ 
formed for every measurement. 

Unfortunately, this solution has more than just a time penalty. 
Performing a cold-start requires that relays be opened and 
closed for every cold-start. Being mechanical components, 
relays have a lifetime that is inversely-proportional (statisti¬ 
cally) to the number of contact closures. It is therefore not 
desirable to arbitrarily perform very large numbers of cold- 
starts without some justification. In practice, you will not 
often find that justification. 

Auto Switching to High Speed 

The AVERAGE TIME command allows you to set the AH 
2500A either to a long measurement time to get a high qual¬ 
ity reading or to a short measurement time to allow taking 
fast readings. You have to decide what setting will give the 
most information about your unknown. If your unknown is 
sometimes fairly stable and sometimes changes much more 
rapidly, it will not be possible to choose an averaging time 
that works well in both situations. If the average time is long, 
you will lose most or all data from the unknown while it rap¬ 
idly changes. If the averaging time is short, you will be del¬ 
uged with a lot of readings, all of which are lower resolution. 
As discussed in “Averaging Time” on page 4-6, using a com¬ 
puter to average these readings has disadvantages. What you 
need is a way to automatically shorten the averaging time if 
your unknown starts changing rapidly. 


Using Tracking Mode 

Tracking mode is an AH 2500A feature that allows measure¬ 
ment of fairly rapidly changing or drifting unknowns. When 
rapid change occurs, long averaging times that are normally 
used to cancel noise and provide better accuracy in the mea¬ 
sured result are not desirable. Enabling tracking mode causes 
the bridge to monitor the rate of change of the unknown. If 
the rate exceeds a preset amount, the bridge will override the 
current averaging time setting and begin taking measure¬ 
ments at a rate of about 25 measurements per second to track 
the changing unknown at a lower resolution. The bridge will 
continue this override as long as the unknown continues to 
change more rapidly than the preset amount. As soon as the 
unknown stops its rapid change, measurements will again use 
the current average time setting. Tracking mode can be 
entered no matter what the averaging time has been set to. 
The bridge tries to automatically provide the best of both 
worlds. 

The syntax for the command to enable tracking mode is: 

TRA CK threshold 

where the threshold is an integer ranging from 0 to 5. A zero 
value disables the feature. The threshold is a measure of the 
maximum rate at which the capacitance can change before 
high speed tracking takes over. The smaller the threshold , the 
more likely the tracking algorithm will be to take over and 
the less likely it will be to revert back to the current averag¬ 
ing time setting. The threshold equals 


where dC/dt is the maximum allowable rate of change of the 
capacitance and k is a constant for a given measurement con¬ 
figuration. Thus, incrementing the threshold by one increases 
the rate at which the capacitance may change without track¬ 
ing occurring by a factor of approximately 3. Increasing the 
threshold by two increases this rate by a factor of 10. The 
threshold covers a range of 100. 

It would be nice to define a value for k so that the threshold 
could be related to specific numeric values of dC/dt. Unfortu¬ 
nately, k depends in a complicated way on the impedance 
value being measured, on the capacitance to ground of the 
LOW terminal, and other things. The threshold is therefore 
only a relative parameter. 

Track mode is disabled with either of the following com¬ 
mands: 

TRACK HALT or TRACK 0 

The track mode works in either single or continuous modes. 
If you are reading the front panel and the data is not being 
written down, then the continuous mode is likely to be foe 
best choice. If there is no computer available to rapidly trig¬ 
ger single readings then the continuous mode is the only way 
to generate foe high data rate that the track mode can provide. 
On the other hand, if a computer has control then it may be 
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very desirable to program it to trigger each reading individu¬ 
ally. Otherwise, in continuous mode it could be overloaded 
with an unexpected burst of data if the unknown begins to 
change too rapidly. 

Track mode will follow a rapidly changing unknown at the 
bridge’s highest rate unless the unknown either stops chang¬ 
ing rapidly or it changes by a large ratio relative to the value 
at which the tracking stalled. If the rapid change stops, the 
bridge will take subsequent readings using the selected aver¬ 
aging time. If the unknown changes by a large capacitance or 
loss ratio, the bridge will take one measurement with a cold- 
start to make some internal adjustments and will then con¬ 
tinue taking readings at the highest rate. This event will inter¬ 
rupt the high speed tracking by adding about 0.5 second to 
one of the readings. 

When the bridge switches to making measurements at a high 
rate, this is indicated with a “fc ” in the upper right comer of 
the front panel display and with a “T” message to remote 
devices. 

The default threshold in the GAUGE 0 parameter file is zero. 

REJECTING INTERFERING SIGNALS 

Usually noise problems are due to input amplifier noise or 
apparently random noise from external sources. However, the 
most insidious source of noise is that from an externally gen¬ 
erated interfering signal whose frequency is very dose to the 
1 kHz sine wave that the AH 2500A uses. If the interference 
is close but not identical in frequency to that of the bridge, 
beating effects can occur that cause measurement results to 
vary in a regular, periodic manner. If the interference is so 
close in frequency to that of the bridge that the phase differ¬ 
ence between the two signals does not change significantly 
while a sequence of measurements is being taken, then a con¬ 
stant error may exist in every measurement in the sequence. 
This is the worst case because there is no clue in the measure¬ 
ment results that there is a problem. 

You might think that it is improbable that an interfering sig¬ 
nal could have a frequency that is nearly identical to that of 
the AH 2500A, but that is not the case. 

Interference from Other Instrumentation 

One kilohertz is a very popular test frequency. Many other 
impedance measuring instruments offer this frequency. If it is 
a modem instrument, the signal is likely to be derived from a 
quartz-crystal oscillator (as is the AH 2500A\s) and will 
therefore be very accurate. This high accuracy means that 
such an interfering signal will be very dose in frequency to 
that of the AH 2500A. 

Just because there is another nearby signal with nearly the 
same frequency does not automatically pose a problem— 
there must still be a way of coupling it into the AH 2500A. 
There are many ways this can happen. One interesting exam¬ 
ple occurs with some formerly popular ratio-transformer 
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based capacitance bridges. These have fairly large ratio- 
transformers that are not well shielded. These transformers 
will radiate significant levels of magnetic EMI at their test 
frequency. Magnetic interference at 1 kHz is harder to shield 
against since it easily passes through non-ferrous metals. 
Such interference can be picked up by loops in any circuit 
even if they are formed of coaxial cable. 



Figure 4-5 Magnetically-induced pickup into enclosed 
areas that are parallel and perpendicular to the field. 


Interference from Power Lines 

Most power line interference is obviously worst at 50 or 60 
Hz. This is so far from 1 kHz that it is not a problem in any 
reasonably well shielded configuration. However, because so 
much power is involved, even higher harmonics of the funda¬ 
mental power frequencies can be a problem. The 20th har¬ 
monic of 50 Hz is exactly 1.000 kHz. The 17th harmonic of 
60 Hz is exactly 1.020 kHz. Since the frequency of national 
power grids is very precisely controlled, a 1.000 kHz har¬ 
monic from 50 Hz power lines is an especially serious poten¬ 
tial source of interference. Since power lines are everywhere 
in a laboratory, the possible prospects for coupling an inter¬ 
fering harmonic into a bridge are many. 

Minimizing the Coupling of Interference 

The best way to avoid interference problems is not to couple 
the interference into the bridge in the first place. The ways of 
accomplishing this are: 

1. Turn off the interference source. 

2. Put a significant distance between the interference 
source and the bridge. 

3. Reduce the coupling by shielding. Three-terminal con¬ 
struction should virtually eliminate any electrostatic 
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coupling to an interference source. Shielding of mag¬ 
netic interference is more difficult at one kilohertz. It 
requires carefully designed shielding using high-perme- 
ability ferro-magnetic alloys. 

4. If the coupling is magnetic, reduce the enclosed area of 
the measurement circuit and orient the enclosed area so 
it is parallel to the field. Figure 4-5 shows a power 
transformer and some typical magnetic field lines that 
radiate from it. Two DUT's are located within this field 
at a point where the field lines are vertical. The field 
lines will penetrate the DUT’s and the shielded coaxial 
cables. 

The measurement circuit of the DUT on the right forms 
a loop whose enclosed area is oriented roughly perpen¬ 
dicular (normal) to the direction of the field lines. This 
area is shown in an extracted form below this DUT 
with a large number of field lines passing through it. 

The measurement circuit of the DUT on the left forms a 
loop whose enclosed area is oriented roughly parallel to 
the direction of the field lines. This area is shown in an 
extracted form to the left of this DUT with a small 
number of field lines passing through it. 

The interference voltage induced in these measurement 
circuits is proportional to the number of field lines pass¬ 
ing through their enclosed areas. The measurement cir¬ 
cuit of the DUT on the right therefore picks up much 
more magnetic interference from the transformer than 
the DUT on the left. The figure demonstrates that the 
induced interference voltage can be reduced by con¬ 
structing the measurement circuit so as to minimize the 
enclosed area and by orienting the circuit so that it 
intercepts as few field lines as possible. 

5. If the above steps are not sufficient, then use the Alter¬ 
nate feature of the AH 2500A explained below. 

Changing the Alternate Period 

The AH 2500A has a feature which allows it to reject signals 
from external sources generated at the same or similar fre¬ 
quency and phase as the one kilohertz sine wave test signal 
that the bridge uses. The AH 2500A does this by periodically 
alternating (or reversing or commutating) the applied test sig¬ 
nal to make it distinguishable from the synchronous interfer¬ 
ence signal. This ability to reject synchronous signals is 
enabled with the following command: 

ALTERNATE altexp 

The possible values of altexp range from zero to seven with 
zero being used to disable this feature. The time periods that 
may be selected to perform a complete reversal cycle are 
listed in Table 4-2. 


The Alternate time period is the shortest when altexp is set to 
one and increases by factors of two as altexp is incremented. 
The selectable range of times for a complete Alternate cycle 
is from 0.25 to 16 seconds. However, the Alternate time can 
not exceed the averaging time and thus will automatically be 
reduced by the bridge to the current value of the averaging 
time if you try to set it otherwise. The Alternate feature is not 
available for averexp values of 0, 1, or 2. If an averexp value 
of 3 is chosen, an altexp value of 0.25 seconds will automati¬ 
cally be used no matter what non-zero value you have 
selected altexp to be. These dependencies of the Alternate 
time period on averexp will not appear in the value of altexp 
reported by the SHOW command, the only effect is on the 
Alternate time period actually used during measurements. 


Table 4-2 Alternate time periods 


Altexp 

Alternate 
time period 

0 

Alternating Disabled 

1 

0.25 Seconds 

2 

0.50 

3 

1.00 

4 

2.00 

5 

4.00 

6 

8.00 

7 

16.00 


To get the best rejection of interfering signals, the Alternate 
time period should be chosen to be short in comparison with 
significant changes in phase of the interfering signal relative 
to the AH 2500A’s test signal. The Alternate feature is only 
effective when the interfering frequency is so close to the AH 
2500A’s frequency that the period of any beat effects is com¬ 
parable to or longer than the averaging time. This means that 
the 1020 Hz harmonic of a 60 Hz power line is just outside 
the range of frequencies that can be rejected by the Al ternate 
feature even for the shortest possible setting of the Alternate 
time period. However, all measurements use an 0.1 second 
basic sampling period which rejects 20 Hz beat frequencies. 
This also causes rejection of the 950 and 1050 Hz odd har¬ 
monics from 50 Hz power sources. 

Although the Alternate feature has no known detrimental 
effects on the quality of the measurements, choosing a longer 
Alternate time will reduce whatever effect might possibly be 
observed. 

The default altexp in the GAUGE 0 parameter file is zero. 
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You have some ability to select the units in which the mea¬ 
surement results are presented, especially in the case of the 
loss units. Capacitance is always displayed in units of pico¬ 
farads unless Reference result mode is enabled in which case 
units of percent are available also. This mode is discussed in 
“Reference Result Mode” on page 5-2. 

Five different loss units are normally available. When Refer¬ 
ence result mode is enabled, units of percent deviation are 
also available. Understanding how the five units of loss are 
related to one another will help you to choose the most 
appropriate units for a given application. 

Before getting into descriptions of each of the available units, 
it is important to understand that all capacitance and loss 
units on the AH 2500A fall into one of the two major catego¬ 
ries discussed below. 


Series Versus Parallel Circuit Models 

Real capacitors are not perfect. Real capacitors contain loss 
mechanisms that cause the parallel resistive component of 
their impedance to be less than the infinite value expected of 
an ideal capacitor. The leads and plates of capacitors (super¬ 
conductors excluded) always contain some resistance that 
appears in series with the actual capacitance. The dielectric 
material in which the field between the capacitor plates exists 
also contains one or more loss mechanisms that appear in 
parallel with the actual capacitor. A model of a real capacitor 
might appear as shown in Figure 4-6 which contains both the 
series and parallel resistances. 
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Figure 4-6 Capacitor model with 
both series and parallel resistances. 


However, a single-frequency bridge has no way of separately 
measuring these two resistances with a single measurement. 
A bridge must report either a series resistance or a parallel 
resistance but not both. Fortunately, it is possible to treat both 
of these resistances as if they were a single series resistance 
or as a single parallel resistance. These equivalent circuits are 
shown in Figure 4-7 and Figure 4-8. 

The hardware of the bridge makes its measurements in the 
form of parallel capacitance and loss. If you request that the 
results be reported in the series form, the bridge converts 
from parallel capacitance (Cp) and resistance (R P ) to series 
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Figure 4-7 Capacitor model with loss 
represented by a single series resistor. 
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Figure 4-8 Capacitor model with loss 
represented by a single parallel resistor. 


capacitance (C s ) and resistance (R s ) using the following 
equations: 


C' s = (1 +D 2 )C p 


Eq. 4-1 


D 2 R P 

R s = -£ Eq. 4-2 

5 1 + D 2 


where the dissipation factor (D) is given by: 



to C p R p 


Eq. 4-3 


and 0 ) is 2k times the frequency (1000 Hz). D has the same 
value for series or parallel configurations. Since the bridge 
does these conversions, you should not need to use these 
equations yourself. However, it is instructive to realize that 
the conversion is somewhat messy and non-linear. 


Deciding on the Circuit Model 

It is important to understand that your choice of loss units 
also implicitly selects either the series or the parallel circuit 
model. Only a choice of series resistance units will cause the 
bridge to report its result in series units. All other units 
choices will cause parallel results to be reported. It is also 
important to understand that choosing units of series resis¬ 
tance affects not only the loss units and value, but also the 
value of the capacitance result. The capacitance units (usu¬ 
ally picofarads) will not change, but the value will be a series 
value, not a parallel value. If the loss is zero (D = 0), the 
series and parallel capacitance values are the same. If the loss 
is significantly different from zero, the series and parallel 
capacitance values may deviate significantly from each other. 
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Usually, in a real capacitor, either the series or the parallel 
resistance dominates. Series resistance usually dominates for 
large capacitances and parallel resistance usually dominates 
for small capacitances. Thus the measurement of such a 
capacitor should, ideally, be chosen to give results in the 
form of series or parallel resistance to correspond to the 
nature of the actual capacitor. Measurements on capacitance 
standards are always reported using the parallel model. 

Available Loss Units 

The five loss units which you may select are described below. 
They are described in the same order as the units indicators 
appear on the front panel. 

Conductance 

Conductance (G) is a natural way to measure the loss of a 
capacitor because conductance is directly proportional to the 
amount of loss in the capacitor. The AH 2500A uses units of 
nanosiemens to measure conductance. The conductance is a 
parallel loss parameter and is the inverse of Rp. Units of 
nanosiemens are also the exact inverse of units of gigohms 
which are used to report Rp. Therefore one nanosiemen is the 
conductance produced by one gigohm. (The term. Siemens 
replaces the older term Mhos). 

Dissipation Factor 

Dissipation factor is related to parallel capacitance and resis¬ 
tance by Eq. 4-3. Unlike the other parallel methods of 
expressing loss, dissipation factor is dependent on the capac¬ 
itance value. A useful way to think of dissipation factor is as 
the ratio of the conductance to the capacitive susceptance 
(B): 

D - -G/B where B = - 0 )C P Eq. 4-4 

Dissipation factor may be thought of as the ratio of the loss to 
the capacitance. If the capacitance and loss are the compo¬ 
nents of a vector having an angle 8, then D is tan 8. 

Dissipation factor tends to describe a property of the 
unknown impedance that is essentially independent of the 
value of the capacitance. For a given kind of capacitor con¬ 
struction, doubling the value of the capacitor usually doubles 
the conductance also. This means that the dissipation factor 
will tend to be constant for a given type of capacitor while 
the capacitance and conductance will tend to change in pro¬ 
portion to the size of the capacitor. This makes dissipation 
factor useful for describing a given type of capacitor and also 
for characterizing dielectric materials. Conductance and 
resistance, in contrast, are better to use when measuring a 
specific capacitor. 


Like all the other loss units, the dissipation factor can have 
either a positive or a negative sign. If the capacitance and 
loss are both negative then D will be positive. D is the 
inverse of the quality factor Q, (Q = 1/D). 

Series Resistance 

As explained above in “Deciding on the Circuit Model” , 
selecting series resistance units gives resells that differ from 
ail the other loss unit choices in important ways. Series resis¬ 
tance is reported in units of kilohms. 

The obvious utility of having series resistance units is in 
being able to measure devices whose series resistance is 
believed to comprise most of the total loss. In this case, it 
may be possible to accurately measure resistances that are 
not physically accessible by any other means. 

Parallel Resistance 

For those familiar with electronic circuitry where imped¬ 
ances are usually expressed as resistance measured in ohms, 
the most easily understood way to measure loss will probably 
be as parallel resistance (Rp). Rp is the inverse of the conduc¬ 
tance (Rp = 1/G). The AH 2500A displays resistance in units 
of gigohms (1 gigohm = 1 billion ohms). Notice that units of 
nanosiemens are the inverse of gigohms. See the discussion 
in “Conductance” above for the relationship between con¬ 
ductance and parallel resistance. 

It is important to understand that Rp as measured by the AH 
2500A will not usually have the same value as that obtained 
from a DC resistance measurement. In fact, the value mea¬ 
sured by the AH 2500A is likely to be much smaller, even by 
orders of magnitude. The reason is that the AH 2500A mea¬ 
sures the DC leakage resistance combined with the loss of the 
capacitor. However, Rp does serve to put a lower bound on 
the value of the DC resistance. 

Loss Vector - an Alternative to Conductance 

If you desire to report your capacitance and loss results as 
orthogonal vectors, the AH 2500A provides units of G/oo jpF 
for this purpose. These units cause the measurement results 
to be reported as the two components of a complex admit¬ 
tance vector. The capacitance (or susceptance component) is 
still given in picofarads. Two components of the same vector 
should have the same units so that the loss (or conductance 
component) is also reported in picofarads. The phase angle 
between the conductance and the capacitance is 90 degrees. 
This is represented by “j” in complex terminology so the loss 
vector units are labeled as jpF rather than just pF. The magni¬ 
tude of the loss vector is simply equal to G/co. 

This set of units is not labeled on the front panel. It is indi¬ 
cated by having both the dissipation~tan8 and series-kilohms 
LED indicators illuminated. 
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The units of loss are selected with the following command 
syntax: 

UN ITS loss unit 

where lossunit is a number in the range from 1 to 5. The list 
below gives the corresponding units for the respective los¬ 
sunit numbers. The unit abbreviations are given in the col¬ 


umn to the right. 

3 - Nanosiemens (nS) 

2 •- Dissipation factor (tan 8) (dimensionless) 

3 - Series resistance in kilohms (kO) 

4 - Parallel resistance in gigohms (GQ) 

5 - G/ 0 ) in j picofarads (jpF) 


To make the lossunit numbers easy to remember, numbers 
one through four are in the same order as they appear on the 
front panel unit indicator labels. 

The UNITS command does not initiate a new measurement, 
but its execution will cause the previous measurement result 
to be re-calculated and reported using the new units selected. 
This provides a simple way to compare the results of differ¬ 
ent units settings on the same measurement. If you are not 
familiar with some of the available units settings, some 
experimentation with this command as applied to a given 
measurement may be helpful. 

The default loss units in the BASIC 0 parameter file are 
nanosiemens. 

COMPENSATING FOR STRAY 
FIXTURE IMPEDANCE 

Some applications may require measuring the capacitance or 
loss of a device which is not directly connectable to the AH 
2500A. Such a device is often called the “Device Under Test” 
or DUT. Often, the DUT may only have contacts rather than 
cables or leads with which to make connections. Even if 
something better than contacts exists, it will usually not be 
three-terminal. In such a case, a fixture is used to hold the 
DUT, to make connection to it and to provide the proper 
cabling to carry three-terminal measurement signals to the 
bridge. In most cases, this fixture will have a capacitance and 
loss (impedance) of its own. Usually, some part of this fixture 
impedance will contribute to any measurements taken with 
the DUT mounted in the fixture. 
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The AH 2500A offers a means of correcting the measurement 
result so that a constant fixture impedance is mathematically 
removed. This is called the “Zero compensation result mode” 
and is controlled by various forms of the ZERO command. 
This compensation mode allows you to directly measure the 
parallel fixture impedance and then to optionally remove that 
impedance from the measurement result. Alternatively, an 
impedance value for the fixture can be entered into the bridge 
rather than measured. Since the ZERO command is very 
similar to the REFERENCE command, both are described 
together in “RESULT MODES” on page 5-2 of Chapter 5, 
“Data Presentation”. 

VOLTAGE OF THE TEST SIGNAL 

The AC RMS voltage applied to the unknown is largely auto¬ 
matically determined by the AH 2500A. The voltage used to 
make a measurement is reported with that measurement’s 
results both on the front panel and on remote devices. The 
section “MAKING SINGLE MEASUREMENTS” on 
page 2-6 explains how to show this voltage on the front 
panel. Chapter 5, “Data Presentation” discusses the ways that 
the applied voltage is reported to remote devices. 

Due to the nature of the technology that the AH 2500A uses, 
it is not possible to specify the amplitude of the 1 kHz sinuso¬ 
idal voltage that is applied to the unknown in the process of 
making a measurement, but it is possible to limit that voltage 
to a maximum value. 

For capacitance values below about 80 pF and unless other¬ 
wise limited, the AH 2500A will apply its maximum test sig¬ 
nal of 15 volts to the unknown to make measurements. For 
capacitances larger than about 80 pF, the bridge must reduce 
the applied voltage in order to balance the bridge. The larger 
the capacitance, the smaller the applied voltage must be in 
order to balance the bridge. Unless otherwise limited, the 
bridge will always choose the largest possible voltage that 
will balance the bridge. 

The range of capacitance that can be measured with a given 
voltage is listed in 'fable 4-3, These values are very approxi¬ 
mate and vary significantly from one serial number to 
another. For some bridges, these values will be 25% higher 
than the table shows. The table shows ranges covering nega¬ 
tive values because the bridge can measure negative values 
of capacitance and loss. These ranges cover all values 
between the listed limits no matter how small. 

The same issues apply to loss measurements as for capaci¬ 
tance. The loss ranges are also shown in the table. 
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Limiting the Test Voltage 

You can set the voltage of the 1 kHz test signal applied to 
your unknown to a maximum value. This does not mean that 
the actual applied voltage will necessarily come close to the 
maximum value that you specify — it could be far lower. To 
use an extreme example, a voltage of 15 volts might be spec¬ 
ified, but if the unknown capacitance is near the top of the 
AH 2500A's range, only 0.001 volts may actually be used to 
measure the unknown. The command used to specify the lim¬ 
iting voltage is: 

VOLTAGE highest 

The highest parameter is the maximum AC voltage in volts 
RMS that the bridge will apply to the unknown. Any voltage 
may be entered, but the bridge will limit the maximum mea¬ 
surement voltage to a value equal to or below the amount 
specified. Table 4-3 lists the actual RMS voltages that the AH 
2500A uses. 


Table 4-3 Capacitance and loss ranges for the 
available limiting voltages. 


Limit 

(volts) 

Capacitance 
Range(pF) 

Loss Range 
(nS) 

From 

To 

From 

To 

*15.00 

-8 

+80 

-0.4 

+4 

*7.50 

-16 

+160 

-0.8 

+8 

3.75 

-16 

+ 160 

-0.8 

+8 

*3.00 

-40 

+400 

-2 

+20 

*1.50 

-80 

+800 

-4 

+40 

*0.750 

-160 

+1600 

-8 

+80 

0.375 

-160 

+1600 

-8 

+80 

*0.250 

-480 

+4800 

-24 

+240 

0.125 

-480 

+4800 

-24 

+240 

*0.100 

-1200 

+12 000 

-60 

+600 

0.050 

-1200 

+12000 

-60 

+600 

*0.030 

-4000 

+40000 

-200 

+2000 

0.015 

-4000 

+40000 

-200 

+2000 

*0.010 

-12000 

+ 120000 

-600 

+6000 

0.0050 

-12000 

+120000 

-600 

+6000 

*0.0030 

-40000 

+400000 

-2000 

+20000 

0.0015 

-40000 

+400000 

-2000 

+20000 

*0.0010 

-120000 

+1200000 

-6000 

+60000 

0.0005 

-120000 

+1200000 

+6000 

+60000 


The asterisks mark preferred voltages which will give 
slightly better accuracy. The basic bridge circuit inside the 
instrument is driven by its maximum voltage when these 
marked voltages are selected. The bridge circuit is driven by 
half its maximum when the other voltages are selected. 


The capacitance values listed are the largest that can be mea¬ 
sured at the associated voltage. The maximum voltage speci¬ 
fied does not represent the maximum voltage ever applied to 
the unknown; it represents the maximum voltage that is used 
to get the final measurement result. Transient voltages as 
high as 0.1 volts can occur no matter what the maximum 
voltage is set to. The default value of highest in the GAUGE 
0 parameter file is fifteen volts. 

UNKNOWNS WITH DC VOLTAGE 

The AH 2500A allows DC voltages to be applied to or be 
bled from unknowns or to be left unaffected. 

DC Bias Disabled 

With the DC bias feature disabled, the bridge actively drives 
any residual DC voltage across the unknown to zero. The 
internal dri ving source can supply up to 10 microamperes. If 
the DC current supplied by the unknown capacitance exceeds 
10 microamperes, the error message dC on L InPut 
will appear on the display. An external resistor to shunt the 
LOW terminal to ground might also work in this case, but 
would increase the amount of noise that the bridge sees. 

Applying a DC Bias Voltage 

The AH 2500A allows a DC bias voltage of up to ±100 vol ts 
to be applied to the unknown. This voltage is supplied exter¬ 
nally between the center conductor of the DC bias connector 
on the back of the bridge and ground. In addition to making 
this external connection, it is also necessary to execute a 
command which closes an internal relay. When closed, this 
relay connects the external bias voltage through an internal 
series resistor to the LOW input of the bridge. Thus the LOW 
input may then have the same DC voltage as is applied to the 
external DC bias connector. The HIGH terminal of the bridge 
is always a low impedance DC ground. 


WARNING I 

The voltage that you apply to the DC bias input will be 
passed to the LO W input terminal. From there it will go to 
whatever unknown impedance and fixture you have con¬ 
nected. Be sure that your fixture and cable are constructed in 
a manner that will prevent personal contact with any applied, 
high DC voltages. The frame of the fixture and the shield of 
the cable should be grounded. 


CAUTION 

The voltage connected to the DC bias input appears directly 
across the internal fused-silica capacitance standard. 
Application of voltages significantly in excess of 100 volts 
may damage or destroy the standard. 
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The command used to enable DC bias measurements and to 
select the value of the internal series resistor is: 

BIAS enable 

where the enable choices are: 

0 Disabled (no series resistor connected) 

1 100 megohm series resistor connected 

2 1 megohm series resistor connected 

The enable choices are numbered in order of ability to feed 
increased levels of current into the unknown. 

The default enable value in the GAUGE 0 parameter file is 
zero. 

Optimizing the Series Resistance 

The value chosen for the internal series resistor involves a 
compromise. The larger this value is, the smaller the noise 
will be in the resulting measurements. Thus for measure¬ 
ments which do not require a DC bias, the internal series 
resistor is not connected and the noise is thus held to a mini¬ 
mum. On the other hand, if there is any DC leakage in the 
unknown being measured, then a voltage divider is created 
which causes the voltage across the unknown to be less than 
the voltage applied to the external DC bias connector. To 
minimize this effect, the internal series resistor should be as 
small as possible. To allow you to optimize this trade-off, the 
value of the internal series resistor may be selected with, the 
BIAS command to have a value of either 1 megohm or 100 
megohms. 

Another reason for wanting the series resistor to be smaller is 
the time required to charge the unknown capacitor to a bias 
voltage that is within an acceptable tolerance of the desired 
voltage. You can avoid this trade-off by using an enable 
value of two to rapidly charge your unknown, then switching 
to an enable value of one to take a low-noise reading. 

To allow you to further optimize these trade-offs, the internal 
series resistors which are R643 and R644, respecti vely, on 
the preamp board can be shunted with resistors that you sup¬ 
ply using the terminals provided for this purpose. Resistor 
values as low as 10 kilohms are practical. Since a current is 
flowing, to minimize noise, these should not be carbon com¬ 
position, but rather carbon film or, better yet, metal film. Be 
aware that 100 volts across 10 kilohms dissipates one watt. 
Changing the value of the series resistors on the preamp 
board is something that should be done only by a person 
qualified to work on electronic circuits. See “DC BIAS 
Resistor Tests” on page 11-16 to learn how to measure and/or 
change these resistors. For safety and performance reasons, it 
is extremely important to observe the warning and caution 
messages given there. 

4-14 Measurement Essentials 


Measuring the Actual Applied DC Voltage 

For unknowns that have some DC leakage, it is desirable to 
measure the actual DC voltage that is applied to the 
unknown. This is done by measuring the DC voltage between 
the LOW terminal and ground while the unknown is con¬ 
nected. Several considerations are important while doing 
this. A typical internal series resistor may have a resistance 
that is comparable to or larger than the input resistance of a 
typical voltmeter. Thus either the internal series resistor must 
be made small or the meter must be chosen to have an excep¬ 
tionally high input impedance or both. If this is not possible, 
then the DC bias voltage across the unknown will change 
depending on whether the voltmeter is connected or not. The 
voltmeter can remain connected to the LOW terminal while 
the bridge takes readings if the voltmeter is shielded from 
external noise and from the HIGH terminal and if the voltme¬ 
ter itself does not introduce an unacceptable amount of noise. 
If the internal resistance of the voltmeter is the only source of 
noise, then the higher this resistance is the better. 

Charged Unknowns 

Some unusual unknowns (like piezoelectrics) have the ability 
to generate a DC current which may be greater than what the 
input of the AH 2500A can zero out under normal operation 
(i. e., with DC bias disabled). In this case, the solution is to 
enable the DC bias with the BIAS command. This allows at 
least 100 volts to exist across the unknown without affecting 
the measurement and thus preventing the DC ON LON 
IN P UI error message from appearing. The external bias 
connector can be left open or shunted to ground. The latter 
configuration would allow the internal series resistor to bleed 
off any excess charge that tended to build up on the 
unknown. 

Input Protection 

A number of protection devices are incorporated in the AH 
2500A to prevent charged capacitors or excessive external 
bias voltages from causing damage to tire capacitance stan¬ 
dard or the preamp which are both connected to the LOW 
input. If voltages much in excess of 100 volts are applied, a 
gas discharge device which is connected between the LOW 
input and ground will suddenly begin conducting to hold the 
voltage at the preamp input within range. This will not 
change a voltage applied to the DC bias connector but will 
very suddenly remove charge from any external capacitor 
having an excessive voltage. 


CAUTION 

Charged capacitors or low impedance power sources must 
not be connected between the HIGH terminal of the bridge 
and ground. Connection of such sources will cause them to 
discharge into the contacts of the attenuator relays which 
will damage these contacts. 


AH 2500A Capacitance Bridge 



Chapter 5 


This chapter explains the various ways that you can present 
capacitance and loss measurement data using the AH 2500A. 

The first part of this chapter explains variations in the ways in 
which measurement data can be presented that apply to both 
the front panel displays and to remote devices. How to con¬ 
trol the number of significant figures that are reported is dis¬ 
cussed. Methods of subtracting constant amounts from 
measurement results are also introduced. 

The second major part of this chapter explains additional 
ways in which data can be presented on remote devices only. 
Topics discussed include the ways to control the number of 
columns and fields that are printed, the ways in which the 
data is labeled and punctuated and the numeric notation that 
is used. 

SIGNIFICANT DIGITS 

“Significant digits” refers to those digits in the measured 
result that are meaningful. The “most-significant digits” are 
at the beginning of a number and are always the most mean¬ 
ingful. The “least-significant digits” are at the end or right 
side of a number and are always the least meaningful. Often 
there are one or more digits at the right side of a measure¬ 
ment result that represent a level of performance that is 
beyond an instrument’s capabilities. In this manual, the term 
“significant digits” will be used to refer to all the digits in a 
measurement result except those that are beyond an instru¬ 
ment’s capabilities. This is a subjective concept since there is 
no accepted, rigorous method by which to separate one kind 
of digit from the other. 

Automatic Limitations 

When making measurements, the AH 2500A monitors the 
amount of noise coming from the unknown impedance. It 
also monitors its internal systematic error contributions. 
Using these two error sources, it computes the maximum 
number of meaningful digits and rounds (rather than trun¬ 
cates) the results so that meaningless or misleading digits are 
not. reported. If the meaningless digits are to the right of the 
decimal point they are replaced by a space. If they are to the 
left of tire decimal point they are replaced with zeroes. 

The AH 2500A can report as many as ten digits in a measure¬ 
ment result. For many measurements, not all of these digits 
will be significant. The bridge’s ability to eliminate meaning¬ 
less digits reduces the clutter in the results. More importantly, 
by eliminating meaningless or misleading digits, the bridge 
ensures that your time is not unintentionally wasted attempt¬ 


ing to interpret such digits. Unfortunately, it is common prac¬ 
tice by many other manufacturers to report many more digits 
than are meaningful or useful. 

Reporting that Last Digit 

It will sometimes happen that the bridge will not report as 
many digits as you would like for your measurements. This is 
most frustrating when the least-significant digit that you 
would like to get is sometimes reported and sometimes not. 
The obvious thing to try in this situation is to reduce the noise 
that the bridge sees by using one or more of the techniques 
discussed under “MEASUREMENT SPEED VS. MEA¬ 
SUREMENT FLUCTUATION” on page 4-5 and “REJECT¬ 
ING INTERFERING SIGNALS” on page 4-8. If you have 
applied the features described in those sections; if you are 
confident that your unknown sample is as noise-free as you 
can make it; if your application restricts you from increasing 
the averaging time any further; and if you would still like 
another digit to be reported, then you will need to consider 
the approach below. 

It is important to understand that the AH 2500A does not 
eliminate digits that contain useful information. The bridge is 
careful to always choose the number of digits that are 
reported such that at least one of the least-significant digits is 
noisy if there is noise in the measurement. This is extremely 
important because it allows you to externally average a num¬ 
ber of measurement results to get a number having a higher 
resolution than the ones reported by the bridge. Such averag¬ 
ing would not be productive if the bridge did not leave some 
noise in its measurement results. One application of this is to 
obtain data of higher resolution by averaging the results of 
relatively fast, synchronously triggered measurements of an 
unknown sample that is being slowly modulated by some 
external influence. 

Setting a Limit on the Significant Digits 

The AH 2500A normally reports all significant digits that it 
has available. Sometimes it is desirable to round off the mea¬ 
surement result to one with fewer significant digits. The 
PLACES command can be used to specify the number of 
significant digits (from one to nine) for the capacitance and 
loss values that are displayed on the front panel and sent to 
the remote devices. When you limit the number of significant 
digits in this way, the bridge will automatically round off the 
result to the number of digits you specify. This feature does 
not override the automatic limitations described above, it can 
only further limit the number of digits reported. 
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The number of significant digits to be reported is selected by 
changing the digits parameters with the PLACES command. 
The syntax of the PLACES command is: 

PLACES [CAP or LOSS] digits 

The digits parameters can have any value from one to nine. 
When counting significant digits, don’t include the decimal 
point, signs, or the exponential part of numbers expressed in 
scientific or engineering notation. The default numbers of 
significant digits for both capacitance and loss are stored in 
the BASIC 0 parameter file. Both default numbers are nine 
which is the maximum possible. 

The capacitance and loss values can have different numbers 
of significant digits if needed by explicitly specifying the 
CAP or LOSS qualifiers. If neither CAP nor LOSS qualifi¬ 
ers are explicitly specified, both cap and loss are affected 
simultaneously. If only one of the values is explicitly 
changed, the other will remain at the previous setting. 

Examples 

To show some examples of the effects of the PLACES com¬ 
mand, consider a printout using the default places parameters 
of nine. 

C- 987,654321 PF L* 0,8012345 N3 

If the command PLACES C 2 is executed, the printout 
would appear as: 

C = 998.0 PF L= 0,001 2345 ..NS 

Notice that 987 was rounded to 990 and that the digits that 
were eliminated were replaced with spaces rather than being 
deleted. For fixed field width settings (see “Fixed/Van able 
Field Widths” on page 5-8), this example demonstrates that 
the PLACES command does not change the starting column 
numbers of the printed fields. Suppose that the command PL 
L 2 is entered next. The printout wil l be: 

O 990.0 PF L- 0,0012 NS 

As another example, if the bridge measured a capacitance of 
47834.891 PF and you change the number of significant 
digits to two, (P L fi C E S 2) the bridge will report the result as 
48080. The same measurement following aPLRCES 6 
command would report 47834.9. 

RESULT MODES 

The AH 2500A can be placed into a “Reference result mode” 
where it reports deviations of capacitance and/or loss from a 
reference value that you entered or measured. These devia¬ 
tions can be presented in an absolute format or as a percent¬ 
age of the reference values. 
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The bridge can also be placed into a “Zero result mode” in 
which compensation is made for stray capacitance and loss 
that exists in a test fixture used to measure the unknown 
impedance. 

The Reference result mode and the Zero result mode can be 
active simultaneously. 

The default mode of operation has all of the above features 
disabled. This mode is called the “Absolute result mode”. 

The default mode is contained in the Reference and Zero 
parameters in the GAUGE 0 parameter file. 

Absolute Result Mode 

Operation of the AH 2500A is most commonly done in Abso¬ 
lute result mode. The measurements taken in Absolute result 
mode are the actual values of capacitance and loss as seen by 
the bridge. The values have not been corrected for stray fix¬ 
ture impedances or modified to adjust for other differences or 
offsets that may exist at the far end of the measurement 
cables. 

Absolute result mode is active when Reference and Zero 
result modes are both disabled. As explained below, execut¬ 
ing the commands REFERENCE HALT and ZERO HALT 
will cause Absolute mode to be active. 

Reference Result Mode 

When the AH 2500A is operated in Reference result mode, 
measurement results are reported as a deviation from, a refer¬ 
ence value that you define. 

There are two ways to enter the reference values. You can 
either enter them manually or the bridge can use the last mea¬ 
sured capacitance and/or loss values as the new reference 
values. In addition, you can choose to report the measure¬ 
ment result as either the absolute deviation from the refer¬ 
ence or as a percentage deviation from the reference. 

Entering reference values does not necessarily mean that the 
values are being used to produce deviation results. Enabling 
Reference mode is a separate operation from entering the val¬ 
ues. Entering the values only makes them available for future 
use. Reference result mode must be enabled to begin using 
the values to produce deviation results. 

Entering Reference Values Manually 

To manually enter the reference values, the command 

REFERENCE [QAPorLOSS] revalue 

is used, where refvalue is the desired reference value for 
capacitance or loss. The command must be issued twice if 
reference values for both capacitance and loss are needed. 
The maximum length of the reference values that can be 
entered is nine digits. 
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When this command is entered from the front panel, the 
upper display will show either CRP or LOSS and the 
lower display will show the value being entered. 

When reference values are entered from a remote device, the 
values can be negative and may be entered in any of three 
numeric notations discussed later in “Numeric Notation” on 
page 5-8. The bridge will automatically detect which format 
is used. 


Disabling Reference Result Mode 

To disable Reference result mode, the command syntax is: 

REFERENCE HALT 

Execution of this command will cause the previous measure¬ 
ment result to be re-calculated and reported with Reference 
result mode disabled. 


The current Units parameter settings are assumed when 
entering reference values. You can see what the current units 
are by using the SHOW UNITS command. If you change the 
units after entering reference values, these values will be 
converted to the new units. This is useful if you know the 
desired reference value(s) in one set of units but wish to 
make measurements in a different set of units. 

The default reference values stored in the GAUGE 0 parame¬ 
ter file for capacitance is zero picofarads and for loss is zero 
nanosiemens. 

Entering Reference Values Automatically 

The version of the REFERENCE command shown below 
causes the last measured capacitance and/or loss values to 
become the reference values. 


Selecting Reference Percent Format 

The following command is used to enable and disable Refer¬ 
ence percent format: 

REFERENCE FQRMAT [CAP or LOSS] percent 

If the percent parameter is entered as a one, Reference per¬ 
cent format is enabled. This format will have no effect on any 
reported results unless Reference result mode is also enabled 
with the REFERENCE command. This will cause the previ¬ 
ous measurement result to be re-calculated and reported. 

Percent format causes the reference value to be subtracted 
from each measurement. The difference is then di vided by 
the reference value and multiplied by 100. The calculation 
always starts with the current units, but the final result is 
dimensionless, of course. 


REFERENCE [CAP or LOSS] SINGLE 

If both CAP and LOSS qualifiers are omitted from the com¬ 
mand, then both of the last measured capacitance and loss 
values are used as the new reference values. 

Enabling Reference Result Mode 

To enable reporting deviations one must enter a command 
with the syntax: 

REFERENCE [CAP or LOSS] 

If an optional CAP or LOSS qualifier is not entered, then 
both results will be reported in Reference result mode. 

This command does not initiate measurements, but its execu¬ 
tion will cause the previous measurement result to be re-cal¬ 
culated and reported with Reference result mode enabled. If 
the bridge is not in continuous mode when the command is 
issued, a SINGLE or CONTINUOUS command must be 
entered to make the bridge report a new deviation measure¬ 
ment. All subsequent measurements will be reported in Ref¬ 
erence mode until Reference mode is disabled. 


If the percent parameter is entered as a zero, Reference per¬ 
cent format is disabled. 

If an optional CAP or LOSS qualifier is not entered, then 
both results will be reported in Reference percent format. 

Indication of Reference Result Mode 

To indicate to a remote device that Reference mode is 
enabled for capacitance results, the capacitance units indica¬ 
tor PF changes to RPF. When the Reference result mode for 
loss is enabled, the loss units indicator (NS for example) 
becomes RN3. When Reference percent format is enabled, 
the respective units identifiers are &PF and 5*NS. 

To indicate on the front panel that Reference mode is active, 
the word r E F is shown on the appropriate upper and/or 
lower displays whenever the b(J5 b message appears: 

[_b(J 5 hTTf 1 

( r E F ] 


When Reference percent format is active then Prc is dis¬ 
played with the b LI 5 b message on the appropriate upper 
and/or lower displays: 


The Reference-result-mode-enabled condition is stored as a 
part of each Gauge parameter set. The default value in the 
GAUGE 0 parameter file is the disabled condition. 


busy Prc 
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These can also occur in mixed combinations such as: 

f bUS'J Prc i 

1 rEF 1 

A second front panel indication appears as a “P” (for Per¬ 
cent) or as an “r ” (for reference) in the right-hand window of 
the measurement result: 


0.00000 15 

5: 1 P 

-.0000000 

U : 15.0 r 


A third way to see which mode and format is active is to use 
the SHOW command. See “REFERENCE value” on 
page A-32 for more information about showing the Refer¬ 
ence parameters. 

Zero Compensation Result Mode 

Zero compensation result mode (or simply. Zero result mode) 
causes the AH 2500A to compensate for residual capacitance 
and parallel loss effects that are usually inherent in test fix¬ 
tures. For a discussion of where this mode might be useful 
see “COMPENSATING FOR STRAY FIXTURE IMPED¬ 
ANCE” on page 4-12. 

Zero result mode is identical to Reference result mode in 
many ways, but the mathematical compensation performed 
in Zero result mode is much more than just a simple subtrac¬ 
tion. The compensation calculation performed is dependent 
upon the units currently in use and can be complicated. The 
calculations require both capacitance and loss Zero values. 
Thus, the Zero result mode differs from the Reference result 
mode by not allowing you to enter a capacitance value with¬ 
out a corresponding loss value or vice-versa. 

Zero result mode can be used in combination with either 
Absolute result mode or Reference result mode. There are 
two ways to enter the Zero compensation values. You can 
enter the values manually or the bridge can use the last mea¬ 
sured capacitance and loss values as the new Zero compensa¬ 
tion values. 

As in Reference result mode, it is important to understand 
that just entering Zero compensation values does not neces¬ 
sarily mean that the values are being used to produce Zero 
compensated results. Enabling Zero result mode is a separate 
operation from entering the Zero compensation values. 
Entering the Zero values only makes them available for 
future use. Zero result mode must be enabled to begin using 
the values to produce Zero compensated results. 
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Entering Zero Values Manually 

To manually enter the Zero values the command 

ZERO CAP capvalue LOSS lossvalue. 

is used, where capvalue is the desired value of capacitance 
and lossvalue is the desired value of loss. Both capvalue and 
lossvalue must be entered. The maximum length of these 
Zero values is nine digits. 

When capvalue and lossvalue are entered from a remote 
device, the values can be negative and may be entered in any 
of three numeric notations discussed later in “Numeric Nota¬ 
tion” on page 5-8. The bridge will automatically detect which 
format is used. 

The current Units parameter settings are assumed when 
entering lossvalue. You can see what the current units are by 
using the SHOW UNITS command. If you change the units 
after entering the Zero values, these values will be converted 
to the new units. This is useful if you know the desired Zero 
value(s) in one set of units but wish to make measurements in 
a different set of units. 

The default Zero values stored in the GAUGE 0 parameter 
file for capvalue is zero picofarads and for lossvalue is zero 
nanosiemens. 

Entering Zero Values Automatically 

The version of the ZERO command shown below causes the 
last measured capacitance and loss values to become the Zero 
values. 

ZERO SINGLE 

This command causes both the last measured capacitance 
and loss to be used as the new Zero values. This command is 
useful for measuring the stray impedance of a fixture when 
the fixture contains no DUT or a dummy DUT. 

Enabling Zero Result Mode 

To enable the reporting of Zero compensated results, you 
must enter the command: 

ZERO 

This command does not initiate measurements, but its execu¬ 
tion will cause the previous measurement result to be re-cal¬ 
culated and reported with Zero result mode enabled. If the 
bridge is not in continuous mode when the command is 
issued, a SINGLE or CONTINUOUS command must be 
entered to make the bridge report a new Zero-compensated 
measurement. All subsequent measurements will be reported 
in Zero result mode until Zero result mode is disabled. 

The Zero result mode enabled condition is stored as a part of 
each Gauge parameter set. The default value in the 
GAUGE 0 parameter file is the disabled condition. 
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Disabling Zero Result Mode 

To disable Zero result mode use the following command: 

ZERO HALT 

Execution of this command will cause the previous measure¬ 
ment result to be re-calculated and reported with Zero result 
mode disabled. 

Indication of Zero Result Mode 

To indicate to a remote device that Zero result mode is 
enabled, the PF capacitance units indicator changes to ZPF 
and the loss units indicator (NS for example) becomes ZNS. 

To indicate on the front panel that Zero result mode is 
enabled, the word i?E r 0 is shown on the lower display 
whenever the b U 5 S message appears: 

[ busy ] 
f e£rO —} 


The Zero indicator will be combined with Reference mode 
indicators if Reference result mode is also enabled: 


( busy 

rEF 

) 

( <?Er 0 

r EF 

. 1 


A second front panel indication appears as a “c 1 ” (for Zero) 
in the right-hand window of the measurement result: 

( 0.0G000 is ) rrri e ) 

f -.000000c 1 ] [ U: 15.0 ] 


A third way to see which mode and format is active is to use 
the SHOW command. See “ZERO value” on page A-59 for 
more information about showing the Zero parameters. 

FRONT PANEL FORMAT 

Measurement results are displayed on the front panel in the 
formats described above. Unlike the remote device formats, 
you have no other control over the front panel formats. In 
almost all cases, the number formats used on the front panel 
are conventional. An exception to this is explained below. 

Displaying Large Numbers with Large Uncertainties 

As discussed in “Automatic Limitations” on page 5-1, the 
bridge always tries to display only digits which are meaning¬ 
ful and not excessively noisy. The display of meaningful 
resistance values presents a unique challenge in the case of 
parallel resistance because very small changes in conduc¬ 
tance values translate into large changes in very large resis¬ 
tance values. This is due to the division that is required. In 
situations where the only possible resistance values that 
could be reported would be wildly varying, the AH 2500A 


reports, instead, only the minimum resistance that the 
unknown impedance could have. To indicate this minimum 
resistance, a “greater than” symbol “ 3 ” on the front panel is 
displayed to the left of the resistance value Rp. This symbol 
is also used with results for tan 5, C§, and R s . See “Field 
Labels” on page 5-7 for the equivalent discussion for remote 
device formats. 

REMOTE DEVICE FORMATS 

Capturing measurement results on remote devices rather than 
on the front panel gives you greater flexibility in choosing 
what is reported and how it is formatted. The following sec¬ 
tions describes the measurement result formats that are sent 
to remote devices and how you can customize these formats 
to meet your needs. 

Result Line Format Options 

Measurement results that are sent to remote devices can have 
up to nine significant digits reported versus the eight digits 
displayed on the front panel. 

Measurement results that are sent to remote devices can con¬ 
tain up to five separate fields. A “field” is one number or 
string value including its associated labeling and punctua¬ 
tion. 

The five fields that can be reported in the result line are the: 

• Sample number. 

• Measured capacitance value. 

• Measured loss value. 

• Actual test voltage used. 

• Error code or error message. 

You can further control what is sent in the result line by 
selecting the: 

• Presence or absence of field and units labels. 

• Punctuation style. 

• Fixed vs. variable field widths. 

® Numeric notation. 

Full Measurement Result Format 

A measurement result with all five fields enabled is sent as a 
single line to a remote device and looks like the following: 

S-ss C=±d.ddddddddd PF L= ±d.ddddddddd NS 

U=d.dddd U [error message] 

where: 

• ss is a 2-digit sample number. This identifies the position 
of a sample switch if one is connected. See Appendix D, 
“Sample Switch Port” for more information. 
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• the d’s are the measured values of capacitance, loss and 
the applied test voltage respectively. 

• “S=”, “c=”, and “U=” are labels to identify the 
sample number, capacitance, loss and voltage values 
respectively, 

® “PF”, “NS” and “U” are units identifiers (picofarads, 
nanosiemens and volts) for capacitance, loss and voltage 
values respectively. The “NS” label depends on the units 
selected and can alternately appear as “DS", “KG”, 
“GO”, or “GIT. 

• If there is an error, an error message is sent as the right¬ 
most field. If there is no error, no error message is sent. 

The default measurement result format stored mostly by 
parameters in the BASIC 0 parameter file is identical to the 
full formal described above except that the sample field is 
omitted. 

When the serial port is used and echoing is enabled, a result 
line being sent to the serial port will begin with a single space 
character. This serves as a place holder for the prompt char¬ 
acter (>) and improves the readability of fixed field width, 
mixed single and continuous measurements by keeping the 
data columns aligned. 

Selecting which Fields to Send 

The FORMAT command allows you to select which of four 
fields in the result line are sent to the remote device. The bits 
in the format parameter byte allow you to selectively send or 
not send the sample number, capacitance, loss and/or voltage 
fields. An error field will always be sent if an error occurs, 
but you can select whether it is sent as an English message or 
as a decimal code. The syntax of the FORMAT command 
which allows you to set and clear the Format bits is: 

FORMAT smp.cap. los. vlt. msg. Ibl.pun.ffd 

where each of the parameters in parentheses are binary digits 
having the following effects: 

smp enables sending the sample field when set. 

cap enables sending the capacitance field when set. 

los enables sending the loss field when set. 

vlt enables sending the voltage field when set. 

msg enables an error message, to be sent when set, 
or an error code to be sent when clear. 

Ibl enables labels to be sent. 

pun enables IEEE-488.2 compatible punctuation 

when set. 

ffd fixes field widths when set. 

This command uses positional parameter entry so you only 
need to enter the values for the bits that you wish to change. 
For example, to turn off the smp and vlt fields you issue the 
F 0 0 ... 6 command. The other bits will not be changed. 
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Positional parameters are explained in “Positional Parame¬ 
ters” on page A-1. 

Field Selection Example 

As an example, recall the default format parameters from the 
BASIC 0 parameter file and show them by executing the 
command REC BBS 8; 5H FO. You will get the result: 

FORMAT 3HP == 0 CflP=1 L0S=1 ULT = 1 

n3G = 1 LBL = 1 PUN = 0 FFD=1 

Notice that all the bits are set to one except for the sample 
and punctuation bits. This means that the capacitance, loss, 
and voltage fields will all be sent to a remote device when a 
measurement is taken. The exact format for this is shown in 
“Full Measurement Result Format” above. 

Now suppose that you do not want to print the voltage field. 
Enter the command F 0 ... 8 to disable sending the volt¬ 
age field without affecting any other settings. If you take a 
measurement, your result will now have the format: 

C = ±d.ddddddddd PF L - ±d.ddddddddd NS 

[error message] 

Notice that the voltage field is gone. In the same manner, you 
can clear other bits in the Format parameter byte to inhibit 
sending the capacitance, loss, and/or sample fields. 

Error Messages vs. Error Codes 

The measurement result formats above included an error 
message in both cases. This error message will al ways 
appear to the right of any other information that is sent. If 
there is no error, no message is printed. 

If the nature of the error is such that a meaningful measure¬ 
ment cannot be made (hard error), only the error message 
will appear on the line. If the error is one that does not pre¬ 
vent a measurement from being taken (soft error), the error 
message and the measurement result will both be sent. 

If your results are to be analyzed by a computer, you might 
rather have an error code sent using the following format: 

ee 5 ~ss C~±d.ddddddddd PF L~±d.ddddddddd NS 

U -d.dddd U 

where ee is a 2-digit, decimal error code. An error code 
always appears at the beginning of the line. The error code is 
sent as “09” if there is no error. 

The msg bit in the Format parameter byte described above 
allows you to select whether an error message or an error 
code is sent to remote devices. If msg is set then an error 
message will be sent if one exists. If msg is zero then an error 
code will be always be sent. The command F 0 , 8 is 

used to change the default to a format such as the one above. 
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As you can see, measurement result lines have either error 
codes printed first or error messages printed last depending 
on the setting of the Format parameter bits. This option arises 
from the differences between computer and human readabil¬ 
ity. When a computer is analyzing the data, an error indica¬ 
tion should be the first data sent in the result string so that 
checking for an error condition before accepting the mea¬ 
surement result is easily done. In this case, an error code is 
typically used rather than an error message. When a person 
is visually reading the results instead of a computer, error 
messages are preferable. Since the messages are of variable 
length, they are reported last to allow orderly column align¬ 
ment of the measurement results. A list of the error messages 
and their meaning is in Appendix B, “Error Messages”. 

Field Labels 

Each numeric value sent may have one or two labels next to 
it. A field identification label is sent preceding a value and a 
unit label may be sent following a value. The field labels sent 
preceding the corresponding values are “S=” to identify the 
sample number, “C=” for the capacitance value, “L=” for the 
loss value, and “U=” for the voltage value. The unit labels are 
sent following the capacitance, loss and voltage values. The 
unit labels will be “PF” for capacitance, one of five different 
units specified by the Units parameter for loss, and “U” for 
the voltage value. 

The FORMAT command can be used to enable or disable the 
sending of all of these labels. When the Ibl parameter bit is 
set to a one, field labels and unit identifiers will be sent. 
When this bit is zero they will not be sent. For example, the 
command FO .0 will change the full format to: 

ss ±d. ddddddddd ±d. ddddddddd d.dddd [error message] 

where all the labeling has been removed from the result line. 
This option is useful when a computer is analyzing the mea¬ 
surement results. A computer doesn’t need labels to help it to 
identify fields; it may need to be programmed to avoid pro¬ 
cessing such fields. The Ibl parameter also controls the results 
from other commands such as SHOW, CALIBRATE and 
TEST. 

Both the field identification labels and the units labels have 
alternate forms that are used to convey additional informa¬ 
tion. The “=” symbol in the capacitance and loss field labels 
will be replaced with a “>” symbol in certain situations 
where the reported values are known to be larger than a cer¬ 
tain amount but where it is not known by how much. This 
can occur when measuring series capacitance and when using 
loss units of dissipation factor, series kilohms and parallel 
gigohms. For more information, see “Displaying Large Num¬ 
bers with Large Uncertainties” on page 5-5 and “Punctua¬ 
tion” below. 

The units labels for the capacitance and loss fields can both 
be immediately preceded by the “R”, “Z”, and “SP characters. 
The combinations that can appear are Z, R, RZ, %, and %Z. 
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These characters are used to indicate that the Reference and/ 
or Zero result modes are active. See‘lndication of Reference 
Result Mode” on page 5-3 and “Indication of Zero Result 
Mode” on page 5-5 for more information. 

Punctuation 

The IEEE-488.2 standard defines how data is to be sent over 
the GPIB. Part of this definition specifies what will be 
described here as the “punctuation” of the data. Specifically, 
this standard specifies that fields are to be separated by com¬ 
mas rather than spaces and that strings are to be enclosed in 
quotation marks. If you desire your results to have this kind 
of punctuation, then you can set the pun bit in the Format 

parameter byte. For example, the command F 0 .1 

will change the full format to: 

3=,«,")>", id.ddddddddd PF, "L=", 

±d.ddddddddd N3, 0-d.dddd U, [" error message " ] 

Notice that the space separators have become commas and 
the error message is enclosed in quotes. The “C=” and “L=” 
strings contain variable information since the “=” can some¬ 
times be a “>” symbol. For this reason, these labels but no 
others are enclosed in quotes. The pun parameter bit also 
controls the punctuation of results from other commands. 

Label and Punctuation Examples 

The example in Figure 5-2 is a printout demonstrating the 
effects of the Ibl and pun parameters. First, the command 

FO 8. 1.0,0 turns off the sample number field and 

clears th effd parameter.The FORMAT command then is used 
to set up all combinations of the Ibl and pun parameters to 
create the four example results shown in the figure. 
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Figure 5-1 Examples of label and punctuation effects. 


The first example with lbl= 1 and pun =0 is optimized for 
human readability. It provides the maximum number of 
labels and the minimum punctuation clutter. The third exam¬ 
ple with lb 1=0 and pun =1 is optimized for machine readabil- 
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ity and IEEE-488.2 compatibility. It provides no labels and 
all the punctuation required by the IEEE-488.2 standard. The 
remaining second and fourth examples show other variations 
that might be useful. 

No matter which combination of Ibl and pun parameters is 
selected, the “>” symbol will always be sent if it is generated. 
On the other hand, the units labels with their possible “FT, 
“Z”, and “SS” characters are only sent if labeling is enabled. 

Fixed/Variable Field Widths 

The AH 2500A allows you to determine whether fields sent 
to remote devices have a fixed or variable width. 

When set to a fixed value, the field widths can be thought of 
as the number of columns available (but not necessarily used) 
to print the numbers in the fields. These field widths are inde¬ 
pendent of the number of significant places discussed in 
“SIGNIFICANT DIGITS” on page 5-1. The field width set¬ 
tings are only applicable to data sent to remote devices. 

The AH 2500A has as many as nine significant digits avail¬ 
able for each measurement result for both capacitance and 
loss. This results in a total of ten digit columns being sent 
when the field width is fixed. 

The main advantage of fixing the field widths is that this also 
fixes the starting column numbers of each field. This can 
greatly enhance the readability of columns of results. 

The fields can also be set to send exactly the number of sig¬ 
nificant digits that are available. Since the number of signifi¬ 
cant digits can vary with each measurement, so can the width 
of such fields. The advantage of variable fields is that only 
significant characters are sent, not fill characters. This opti¬ 
mizes speed and memory usage. It also makes the results 
IEEE-488.2 compatible since no fill spaces are sent. The dis¬ 
advantage is that the fields will not align into straight col¬ 
umns and will thus be harder to read when printed or 
displayed. 

Field Width Examples 

The example in Figure 5-2 is a printout demonstrating the 
effects of the ffd parameter. First, the PLACES 9 command 
sets the number of significant digits to the maximum (See“- 
Setting a Limit on the Significant Digits” on page 5-1). The 
FORMAT command then enables punctuation, labeling and 
fixed field widths. 

In the first two measurement result lines, all nine significant 
digits are shown implying that a high quality measurement 
was made because all the possible significant digits were 
sent. In the next two result lines, fewer digits were sent even 
though no parameter changes were made. This implies that a 
measurement of lower quality was made which caused a loss 
of significant digits. Since the ffd parameter was set, the num¬ 
ber of columns sent remained fixed, even though the number 
of digits sent changed. 
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Next, the command FO .0 was executed to clear 

the ffd parameter causing all fields to become variable width. 
Notice that all fields in the three lines following this com¬ 
mand have no extraneous spaces whereas most fields in the 
four preceding lines do. (The space preceding the units' 
labels goes away if labeling is turned off.) Notice also that 
the columns in the three lines following the command are no 
longer straight. 
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Figure 5-2 Examples of field width effects. 


Numeric Notation 

The AH 2500A is capable of both accepting input md for¬ 
matting measurement results sent to remote devices in three 
different numeric notations. These notations are floating¬ 
point, scientific, and engineering. 

The front panel always displays floating-point notation only. 
For results sent to remote devices, one of three kinds of 
numeric notation can be selected for use with capacitance, 
loss, resistance, inductance, voltage, length and time fields. 
These fields will all use whichever notation has been 
selected; the notation cannot be individually specified for dif¬ 
ferent result fields. 

Numbers received from remote devices will be accepted no 
matter which of the three notation types is used. The bridge 
will automatically sense which type is being sent. 

Floating-Point Notation 

Floating-point notation has been used in all of the examples 
given thus far in this chapter. It can be described as a string of 
characters beginning with an optional sign character. This is 
followed by one or more digits, followed by a decimal point 
and ending with one or more digits. 

A specific example of a floating-point notation result is: 

C = 113.876543 PF L = 8.0076543 HS U = 15.Q U 
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Scientific Notation 

Scientific notation can be described as a string of characters 
beginning with an optional, sign character followed by 
exactly one digit and then a decimal point. A least one digit 
follows the decimal point, the number depending on the 
number of significant digits to be reported. The portion of the 
notation described thus far is called the mantissa. The man¬ 
tissa is immediately followed with a capital “E”, then a sign 
character and finally two digits. The two digits are a base-ten 
exponent that indicates the factors of ten by which the man¬ 
tissa is to be multiplied. If the sign following the E is nega¬ 
tive then the mantissa is divided by factors of ten. 

A specific example of a scientific notation result using the 
same numbers as in the last example is: 

C=1.13876543E+82 PF L-7.6543E-03 NS 

U“1.50E+81 U 

Engineering Notation 

Engineering notation is identical to scientific notation except 
that the mantissas will have from one to three digits to the left 
of the decimal point and the exponent will appear only in 
increments of three (i.e. -06, -03, +00, +03,+06, etc.). These 
exponents are useful because they correspond to engineering 
unit prefixes of micro, milli, kilo, mega, etc. 

A specific example of an engineering notation result using 
the same numbers as in the last example is: 

C-113.876543E+00 PF L=7,6543E-03 NS 

U=15.0E+00 U 


IEEE-488.2 Compatible Results 

The various formatting options discussed in this chapter pro¬ 
vide a wide range of ways to format your results. How you 
format results will be based largely upon whether they are to 
be read by a person or by a computer. If the results will be 
read by a person, then the formatting choices will probably 
be largely subjective, being based upon what you feel most 
comfortable reading. 

If the results will be read by a computer, then there may be 
existing programs available to help analyze your data. Newer 
programs are likely to be able to accept data more easily if it 
is formatted in a standard way. If you are using the GPIB, the 
newer IEEE-488.2 standard defines the data formats, codes, 
and protocols that should be used. 

If you decide that formatting your data to be IEEE-488.2 
compatible is desirable, the AH 2500A offers several possi¬ 
ble formats. To do this you must disable labeling and enable 
compatible punctuation. You do this by clearing the Ibl bit 
and setting the pun bit in the Format parameter byte. See the 
paragraphs about “Field Labels” and “Punctuation” above. 
The IEEE-488.2 standard also requires that there be no extra¬ 
neous spaces in number fields. This is done by setting the ffd 
parameter to zero. See the paragraph about “Label and Punc¬ 
tuation Examples” above. Issuing the command 

FOR . 0.1.8 will correctly change all three of these 

format bits. 

Having executed this command, you now have a choice of 
any of the three available numeric notation formats. All three 
will now be IEEE-488.2 compatible. See the section about 
“Numeric Notation” above. 


Selecting the Numeric Notation 

The desired numeric notation to be sent to remote devices is 
selected by changing the notation parameter with the FOR¬ 
MAT SPECIAL command. The syntax of this command is: 

FORMAT SPECIAL notation 

The notation parameter can be set to 0, 1 or 2. The corre¬ 
sponding notations are: 

0 Floating-point notation 

1 Scientific notation 

2 Engineering notation 

The default notation stored in the BASIC 0 parameter file is 
zero. 
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Chapter 6 


GPIB/IEEE-488 Operation 


This chapter discusses operation of the AH 2500A from the 
GPIB/IEEE-488 port. This chapter and this manual assume 
that you are familiar with operating instruments using a 
GPIB controller. The concentration here will be on those 
aspects of GPIB operation that are specific to the AH 2500A. 
The major options that GPIB operation can give you are dis¬ 
cussed in “GPIB Communication Options’’ on page 1-9 of 
Chapter 1. 

If you are not familiar with GPIB operation, you will proba¬ 
bly want to refer to other publications. If there is a GPIB con¬ 
troller in your lab, the GPIB controller manuals will often 
have good descriptions of the bus and how to use it. Many 
different languages are used with many different kinds of 
controllers to operate GPIB instruments. As a result, your 
GPIB controller manual should be your most important refer¬ 
ence. It should explain not only general GPIB operation, but 
it will also explain the specifics of the controller and the 
interface language that it uses. The IEEE-488.1, standard 
specifies the lower-level operation of the GPIB bus operation. 
This standard is so widely accepted that, with a friendly con¬ 
troller, you should be able to avoid learning much about the 
hardware details of the GPIB bus. 

If you do not yet have a GPIB controller, then you may want 
to refer to some general references. Many good tutorials and 
explanations of the GPIB bus have been published. We rec¬ 
ommend numbers 1, 5 and 6 in the bibliography. Numbers 5 
and 6 contain definitions of the GPIB (IEEE-488) bus stan¬ 
dards. These are difficult reading (but very complete) and 
intended for use by instrument designers. Reference number 
1 is quite readable. 

The major topics discussed in this chapter are how to: 

• Set the GPIB bus address using the BUS command. 

• Save the bus configuration parameters introduced in this 
chapter using the STORE command. 

• Use the bridge’s abbreviated command syntax. 

• Read response messages. 

• Configure the bridge to operate in a friendly, interactive 
mode over the bus. 

• Change the end-of-line separator, if desired. 

• Initiate a GPIB service request. 

• Interpret the bits in the GPIB status byte. 

- Initialize the bridge over the bus. 

• Connect to your GPIB port to log results from your 
bridge rather than to control your bridge. The LOGGER 
command controls this method of operation. 


CONNECTING GPIB CABLING 

The AH 2500A has as standard equipment a GPIB interface 
whose connector is on the rear panel. Any GPIB controller 
may be connected to it. Devices with listen-only capability 
can also be connected to serve as loggers. Electrical connec¬ 
tion is made with any standard GPIB cable having black met¬ 
ric screws. The IEEE-488.1 standard specifies that no more 
than 15 devices should be connected to the bus and that the 
total length of cable should not exceed two meters per device 
or 20 meters total, whichever is less. 


CAUTION 

It is extremely important that the chassis grounds of all 
interconnected equipment he properly grounded through the 
power cord of each piece of equipment. Ground pins on 
power cords must never be cut ojfor otherwise defeated. 
Failure to observe this will frequently cause the GPIB port to 
be damaged if the port is disconnected while the equipment is 
plugged in (but not necessarily powered on). The failure 
results from the ability of power line RFI filter capacitors to 
cause an ungrounded equipment chassis to float to a voltage 
midway between the voltages on the two input power lines. 
This can put the chassis voltage at 50 to 120 volts above 
ground (for line voltages of 100 to 240 volts) with enough 
current capacity to be a shock hazard and to cause damage to 
interface ports. (The AH 2500A does not use such filter 
capacitors, but many other pieces of equipment do.) 


BUS CONFIGURATION 
PARAMETERS 

Several GPIB variables must be set before you can operate 
the AH 2500A via the GPIB bus. Fundamental variables 
which directly affect the ability of the bus to communicate 
are called bus configuration parameters. This section intro¬ 
duces the configuration parameters and explains how to set 
and permanently save each one. The two address parameters 
are explained in detail here, while the other parameters are 
explained as they are encountered throughout the chapter. 
Each explanation gives the default value of the parameter as 
stored in the BUS 0 parameter file. 
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Setting the Configuration Parameters 

The BUS command is used to set the bus configuration 
parameters. The BUS command can be entered from the 
front panel or from a remote device using the following full 
syntax; 

BU S priaddr. secaddr. ton. compat. prompts 

The full BUS command accepts five parameters which are 
described in different sections of this chapter. Each time the 
BUS command is entered, it can be followed by any combi¬ 
nation of its parameters provided that the place-holder peri¬ 
ods are entered and that the order is preserved. As an 
example, the entry BUS 1 2 . , 1 specifies a primary address 
of 12, the ton bit set, and the other two parameters left 
unchanged. 

The bus configuration parameters can be changed from the 
GPIB controller, but the changes take effect immediately so 
you must be able to change the controller’s expectations at 
the same time if communication between the controller and 
the bridge is not to be interrupted. 

Once the bus configuration parameters have been correctly 
set, sending an addressed SINGLE command to the AH 
2500A from the GPIB controller should cause the bridge to 
take a measurement whose result will appear on the front 
panel of the bridge. The same measurement result should also 
be readable via the bus by the GPIB controller. 

Primary Bus Address 

If a GPIB controller is used to communicate with the bridge, 
a unique bus address must be specified for the bridge. This 
can be selected using the following partial syntax: 

BU S priaddr 

The primary bus address can have any value from 0 to 30 that 
is not used by another device on the bus. Primary bus 
addressing only is used unless a secondary address is entered. 
The default primary bus address is 28. 

Optional Secondary Bus Address 

In some cases, it may be desirable to specify a secondary 
address in addition to the primary address. If a secondary 
address is specified, the primary/secondary address combina¬ 
tion must be unique on the bus. The secondary address can be 
selected by itself using the following partial syntax: 

BUS .secaddr 

The optional secaddr (secondary address) can have any value 
from 0 to 30. Primary bus addressing only is used unless a 
secondary address is entered. Secondary addressing is dis¬ 
abled by entering the command and the first dot followed by 
no secondary address. For example, the commands “BUS , ” 
and “BUS 28 . ” would both disable secondary addressing if 
it was previously enabled. 


Permanently Saving Your Settings 

AH the parameters discussed in this chapter are stored in the 
Bus parameter set. This set contains all the parameters that 
are used in conjunction with the GPIB port. An overview of 
this parameter set is given in Chapter 3, “Parameter and Pro¬ 
gram Files” in the section “Bus Parameter Set” on page 3-6. 

To permanently save all of the parameters related to operat¬ 
ing via the GPIB bus in a way that will automatically restore 
them after power-on of your bridge, simply issue the com¬ 
mand I func] | STORE | IfuncI [bus] m I ENTER I from the 
front panel. 

To better understand the ways in which you can save your 
serial device parameters, refer to “WORKING WITH FILE 
CONTENTS” on page 3-9 and especially “Power-on Param¬ 
eter Files” on page 3-2 and “Using Power-on Parameter 
Files” on page 3-10. 

STATES AND INDICATORS 

The local, local-with-lockout, remote and remote-with-lock- 
out IEEE-488.1 standard states are discussed in the sections 
below. 

The TALK and LISTEN indicators on the front panel will 
illuminate whenever the bridge is placed in the talker-active 
(TAGS) or listener-active (LACS) states, respectively, by the 
GPIB controller. 

Local States 

In the local state all of the keypad functions on the front 
panel can be used and the bridge will also respond to the 
GPIB controller. The bridge powers on in this state. The local 
state is indicated by the REMOTE LED on the front panel 
being off. 

The local-with-lockout state functions identically to the local 
state. The only difference is that this state remembers the 
lockout condition so that if the controller returns the instru¬ 
ment to the remote states, the remote-with-lockout state will 
be entered automatically. The local-with-lockout state is 
entered from the local state only when the GPIB controller 
executes the LLO bus command. The local-with-lockout and 
remote-with-lockout states are exited only when the control¬ 
ler clears the REN bus line. 

Remote States 

The GPIB controller can cause the bridge to enter the remote 
state from the local state by setting the REN bus line and 
addressing the bridge. The bridge will indicate the remote 
state by illuminating the REMOTE LED on the front panel 
and will accept commands only from the GPIB controller. 

In the remote state, all front panel keys with the exception of 
the [ local] key are disabled. The front panel keys can be 
enabled by pressing the I LOCAL| key to cause the bridge to 
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enter the local state. This will occur unless the remote-with- 
lockout state is active. The GPIB controller can cause the 
bridge to exit the remote state and enter the local state by exe¬ 
cuting the GTL bus command. It can also do this by clearing 
the REN bus line. 

The remote-with-iockout state is entered from the remote 
state when the controller executes the LLO bus command. 
The remote-with-lockout state is entered from the local-with- 
lockout state when the controller addresses the bridge. 

When in the remote-with-iockout state, the [LOCALI key is 
disabled as well as all the other front panel keys, preventing 
any front panel activity from interfering with remote opera¬ 
tion. If you press the [LOCAL] key while the bridge is in the 
remote-with-lockout state, the front panel will display the 
message: 


LOCAL 
L ac out 


The GPIB controller can cause the bridge to exit the remote- 
with-lockout state and enter the local-with-lockout state by 
executing the GTL bus command. The controller can also 
cause the bridge to exit the remote-with-lockout state and 
enter the local state by clearing the REN bus line. 

REMOTE COMMAND ENTRY 

The entry of commands from a GPIB controller is identical to 
that from a remote serial device except that immediate-action 
keys described in the RS-232 chapter are not as useful with 
the GPIB. 

Basic Syntax 

The command line entry style used by the AH 2500A will be 
familiar if you are a user of small computers or terminals. 
The syntax and command words used also closely parallel 
those used by the bridge’s front panel. The AH 2500A com¬ 
mand definition syntax is described in “CONVENTIONS 
USED” on page A-1. 

Command lines consist of a leading command word followed 
by optional command qualifier words followed by optional 
parameters which are usually numeric. Each command line is 
terminated with an end-of-Iine character or character 
sequence. 

Command Word Entry 

Since remote commands are named and spelled as they 
appear on the front panel, any commands described in this 
manual using key labels also describe the remote commands. 
When the front panel key label consists of two words, only 
the first word is used as the remote command word with the 
exception of the BIAS command. The I'RJNCj key has no 
equivalent on remote devices, of course. 


Although commands are English words, it is rarely necessary 
to use the entire word. You need to use only the first few let¬ 
ters of the command. The minimum number of letters needed 
depends on the particular command and ranges from one to 
three letters. The minimum letters needed are underlined 
where each command is introduced in the text and in Appen¬ 
dix A, “Command Reference”. If you do not type in enough 
letters, the bridge responds with the message BUB IGU0U3 
WORD :, followed by the offending characters that were 
entered. If more letters than the required minimum are 
entered, they must spell the command word correctly or the 
error message ILLEGRL WORD: will appear, followed by 
the illegal word that was entered. 

Command words are separated from each other and from 
their associated parameters by spaces. Parameters are sepa¬ 
rated from each other by periods. 

Examples 

To illustrate the ideas above, consider the BRIGHTNESS 
command whose syntax is: 

BRIGHTNESS [CAP or LOSS] level 

Several examples of valid command lines that might be sent 
from a GPIB controller are: 

BRIGHT CRP 5 

BR C 5 

BRIG L 5 

BR 5 

All are terminated by an end-of-line character. 

The entry B 5 will return the error message: 

AMBIGUOUS WORD: B 

The entry BRIHGT 5 will return the error message: 
ILLEGRL WORD: BRIHGT 

Additional Features 

Query Commands 

All AH 2500A commands can be classified as query or non¬ 
query commands. A query command is one that generates a 
response message such as a measurement result. The most 
common examples of these on the AH 2500A are the SIN¬ 
GLE, CONTINUOUS and SHOW commands. If a query 
command is interrupted by a new command, the query com¬ 
mand is immediately aborted, any unread results are cleared 
from the bridge’s output buffer and the new command begins 
to execute. 
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A non-query command will finish executing even if it is 
interrupted by a new command. The new command will be 
executed after execution of the non-query command is com¬ 
plete. 

The concept of query commands is defined by the IEEE- 
488.2 standard and serves to ensure synchronization between 
the controller’s commands and the responses from the con¬ 
trolled device. In other words, this scheme ensures that any 
response message received by a controller was generated by 
the most recently entered command and not by some earlier 
command. See “Aborting Commands” on page 2-6. 

Entering Multiple Commands 

Several commands can be entered on the same line separated 
by semicolons (;). As with individual commands, lines hav¬ 
ing multiple commands are not executed until an end-of-line 
character or character sequence is received. An immediate- 
action command such as Q or X can be entered anywhere on 
a multi-command line except as the first character and will 
not be executed until the whole line is received. 

Each command line is either a query line or a non-query line. 
If a multi-command line contains any query commands, the 
whole command line is considered to be a query line. It will 
not be possible to predict which commands were executed 
and which were not if a query command line is interrupted by 
a new command. 

Multi-command lines can be useful with commands that 
respond with a prompt. For example, every version of the 
STORE CALIBRATE command prompts for a passcode. 
The passcode can be entered after the command on the same 
line if the two are separated by a semicolon. Except for pass- 
codes, any command that requires a response to a prompt will 
first check the next command on the line. If the next com¬ 
mand is an acceptable response to the prompt then it will be 
used. If not, the next command will not be executed yet. 
Instead, the prompt will be produced and the bridge will wait 
for input. If you want to guarantee that a prompt is generated, 
insert the EDIT command word where the answer to the 
prompt would go on the command line. 

Multi-command lines can also be used to guarantee that a 
command produces a result. The TEST command can be 
configured to produce no result unless a failure is detected. 
However, the command line TEST; SHOW TEST will 
always produce a result. 

Input Buffer 

All command messages including GET messages are stored 
in the bridge in an input buffer that can hold eighty charac¬ 
ters. This means that the bridge will not buffer more than 
eighty characters ahead of what it is able to process. In addi¬ 
tion, it will not accept a command line whose total length 
exceeds eighty characters. If the latter occurs, the error mes¬ 
sage LINE TOO LONG will be reported. 


RESPONSE MESSAGES 

All multi-character data is sent over the GPIB in the form of 
“messages”. Data which is sent from the bridge to a control¬ 
ler or logger is sent in the form of “response messages”. 
These messages consist of at least one ASCII character. The 
END of the message is indicated by simultaneously asserting 
the GPIB EOI bus wire during the transmission of the last 
character of the message which is a LF character (ASCII 
0A H ). 

A response message consists of one or more lines. Each line 
is terminated with a semicolon “;” or with CR and LF charac¬ 
ters (ASCII 0 D h and 0A H ). The choice of line terminators 
used is selectable as described in “COMPATIBILITY 
MODE” on page 6-14. 

Almost all query commands generate a single response mes¬ 
sage. If several commands are entered on a single line sepa¬ 
rated by semicolons, that command line produces only one 
response message for the line, not one for each command on 
the line. 

The AH 2500A has three commands that can generate multi¬ 
ple response messages. These are the CONTINUOUS com¬ 
mand and the TEST and PROGRAM commands when used 
with the REPEAT qualifier. The CONTINUOUS command 
generates response messages continuously until stopped by 
the SINGLE command. The TEST and PROGRAM com¬ 
mands can also do that or they can generate a pre-determined 
number of response messages. 

Receiving Every Response Message 

Some response messages can be lost if the controller or log¬ 
ger is not fast enough or if the controller is not programmed 
appropriately. However, you have control over what, if any¬ 
thing, is lost by the way in which you operate the bridge and 
the controller. 

Once the controller or logger begins to read a response mes¬ 
sage, the bridge will wait indefinitely for the rest of the mes¬ 
sage to be read. This makes it impossible to lose part of a 
message due to a slow response from the controller or logger. 
On the other hand, if the bridge has a new response message 
to send before any of the previous message has been read, 
then the previous message will be overwritten by the new 
message. Thus controllers and loggers are guaranteed to 
receive all or none of a response message. 

There are two ways in which you can lose a response mes¬ 
sage: 

1. If the controller issues a new command to the bridge 
while the bridge is waiting for it to read (or finish read¬ 
ing) the last response message, the remainder of that 
message will be lost. This occurs when a query com¬ 
mand is interrupted as described in “Query Commands” 
on page 6-3. The way that you program and operate 
your controller determines whether this situation ever 
occurs. 
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2. If the bridge is generating multiple response messages 
from, a CONTINUOUS, TEST or PROGRAM com¬ 
mand, some messages can be lost if the controller or 
logger is not fast enough to keep up with the results 
generated by the bridge. 

If it is important that every response message be 
received by a controller, then these three commands 
should not be used. The SINGLE command should be 
used instead of the CONTINUOUS command and the 
TEST and PROGRAM commands should be used 
without the REPEAT qualifier. 

If it is important that every response message be 
received by a logger, then the HOLD command should 
be used within a program to add some delay time 
between each response message. This can slow the 
bridge down to the speed of the logger. Using the 
CONTINUOUS qualifier when executing a program 
will produce similar results. 

You may not want to capture every result. You may, for exam¬ 
ple, want to put the bridge into continuous mode so that new 
measurements are constantly reported to the front panel dis¬ 
play while reading only a small fraction of these measure¬ 
ments with the controller. 

Using a Multi-command Line to Create a Single 
Response 

The most important difference between commands entered 
on a single line and commands entered each on their own line 
is in the response messages that they produce. Each com¬ 
mand line produces, at most, one response message except 
for entry of a CONTINUOUS command or a TEST or 
PROGRAM command when used with the REPEAT quali¬ 
fier. It does not matter how many commands are on a line. 

All commands entered on a single line will produce a single 
response message containing all the results generated by the 
commands on that line. No matter how slow your controller 
is, it will be sent all of this message if it reads any of it. 

Using a Program to Create One Response Message 

Placing your commands into an AH 2500A program is 
another way to guarantee that all results from a group of 
commands are received by a controller or logger. All pro¬ 
grams produce a single response message. If a program con¬ 
tains subprograms, the results from all subprograms are also 
contained in the single message produced by the main pro¬ 
gram. See “WORKING WITH PROGRAMS” on page 3-10. 

As an example, a program containing the command TEST 
50 REPEAT will cause every result to be logged no matter 
how slow the logger is. The command by itself will lose 
results if the logger is not as fast as the bridge. 


Output Buffer 

The GPIB output buffer can hold response messages up to 
680 characters in length. This is long enough to hold any 
individual measurement result, but it is not long enough to 
hold some SHOW, TEST and PROGRAM response mes¬ 
sages. In the case where the length of the response message 
exceeds the size of the output buffer, the controller or logger 
must begin reading the message before the buffer overflows. 
Otherwise, the entire message will be lost. Once the first 
character of the result is read, the AH 2500A will not gener¬ 
ate more results to put in the buffer until the space becomes 
available as a result of the controller’s reading what is there. 
If the controller starts to read the message but stops or pauses 
before finishing, the message 


CPI b Out 
buF Ful I 


will appear in the front panel display after about ten seconds. 
This message will go away as soon as the controller or logger 
continues reading the message. 

STATUS REPORTING 

A common feature in GPIB instrumentation is the availability 
of a status byte that can be read by the GPIB controller at any 
time without disturbing other operations. Associated with 
this status byte is a service request enable mask byte which 
controls the ability to generate service requests that will 
asynchronously request attention from the controller. The 
most common use of serial polls and service requests is dis¬ 
cussed in “Determining When to Read Results” on page 6-9 
and in the subsections on “Serial Polling” and “Service 
Requests”. 

Contents of the GPIB Status Byte 

The AH 2500A supports the serial poll features of the GPIB 
bus by assigning all of the available seven bits in its status 
byte (SB) register to indicate various events and conditions. 
To identify the meaning of each of these bits, assume that 
they are numbered with the least significant bit being zero 
and the most significant bit being seven. The meanings and 
functions are given in Table 6-1. 

This table gives the full name and the abbreviated label used 
in this manual for each bit. The column labeled “Set when” 
describes the condition(s) required to set the corresponding 
bit. Similarly, the column labeled “Cleared when” describes 
the condition(s) required to clear the corresponding bit. 

In general, service requests may be generated when one of 
these bits makes a transition from zero to one, from one to 
zero or both. The column labeled “Generates SRQ when” 
describes the transition required of the bit to cause a service 
request. This is discussed further in “The Service Request 
Enable Mask Byte” on page 6-7. 
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Table 6-1 Status byte register bit definitions and functions 


Bit 

Label 

Name 

Set when 

Cleared when 

Generates 
SRQ when 

0 

ONR 

Oven Not 
Ready 

Oven temperature is abnormal 

Oven temperature 
returns to normal 

set or cleared 

1 

CME 

CoMmand 

Error 

An error in the entry of a command occurred. 
See Appendix B, “Error Messages” for a list. 

SHOW STATUS 

or RST is executed 

set 

2 

URQ 

User 

ReQuest 

The USER command is executed 

SHOW STATUS 
or RST is executed 

set 

3 

PON 

Power-ON 

Bridge power comes on 

SHOW STATUS 
or RST is executed 

set 

4 

RDY 

ReaDY for 
command 

A command line finishes its execution: see 
“INTERACTIVE OPERATION” on page 6-12 

A new command 
line is received 

set 

5 

EXE 

Execution 

Error 

An error occurred executing a command. See 
Appendix B, “Error Messages” for a list. 

SHOW STATUS 
or RST is executed 

set 

6 

RQS 

ReQuest for 
Service 

Service from controller is requested 

Controller performs a 
serial poll 

see text 

6 

MSS 

Master Sum¬ 
mary Status 

Inclusive OR of the bit-wise combination of 
bits 1-7 of the SB and SRE registers is true or 
when the ONR status bit changes while the 
corresponding ONR bit in SRE register is set. 

Inclusive OR of SB 
and SRE is false 

see text 

7 

MAV 

Message 

Available 

A message is available in the 

GPIB output buffer 

No message is in the 
GPIB output buffer. 

set 


The meaning of bit six of the status byte depends upon 
whether it is read with a command or it is read by a serial 
poll. This is explained in the sections below. 

The possible applications of the ONR, CME, PON, and EXE 
bits are self-evident. See Appendix B, “Error Messages”, for 
a complete list of all the error conditions that can set the 
CME and EXE bits. The MAV bit is the single most useful 
status bit. Its utility is discussed in “Determining When to 
Read Results” on page 6-9. Examples follow the discussion. 
The RDY bit is probably the second most useful bit. Its utility 
is discussed in “INTER ACTIVE OPERATION” on 
page 6-12. The use of the URQ bit is discussed next. 

A User Settable Status Bit 

There is one bit in the AH 2500A status byte that you can 
directly cause to be set by issuing a command. This is the 
User ReQuest (URQ) bit (bit 2). The URQ bit is set by exe¬ 
cuting the command: 

USER 

Once set, this bit will stay set until a SHOW STATUS or 
RST command is executed. 

This command allows you to indicate to the GPIB controller 
when certain conditions of your choosing occur. The USER 
command gives you the ability to indicate the initiation or 
completion of commands in command lines having more 
than one command or in AH 2500A programs. 
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As an example, suppose an external trigger is to cause a mea¬ 
surement to occur. If the command line or program executed 
is “H 0 L D 0 j USER; SINGLE”, then the GPIB controller 
will be informed via the setting of the URQ bit in the status 
register (or via an equivalent service request) that an external 
trigger has just initiated a new measurement. 

Reading the Status with a Command 

The status byte can be read with a command whose syntax is: 

SHO W STAT US 

The result will be reported as individual binary bits unless 
compatibility mode is enabled. Compatibility mode will 
cause the value to be reported as a binary-weighted-decimal 
integer. To change the setting of compatibility mode see 
“COMPATIBILITY MODE” on page 6-14. 

This command also clears the four event status bits (CME, 
URQ, PON and EXE) in the status byte and the ONR event 
bit. These bits indicate the occurrence of events whereas the 
ONR, RDY and MAV status bits represent states or condi¬ 
tions. 

While not apparent by reading the table, there is both an 
ONR status bit and an ONR event bit. The ONR status bit 
always indicates the current condition of the oven. The ONR 
event bit is set when the ONR status bit changes. There is no 
way to read the ONR event bit. 
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The SHOW STATUS command reads the event bits in the 
status byte immediately before they are cleared so that no 
information can be lost between the time they are read and 
the time they are cleared. The SHOW STATUS command is 
not available from the front panel of the AH 2500A. How¬ 
ever, the status can be read from the front panel as the first 
line in the SHOW SPECIAL list. 

The SHOW STATUS command will always return the most 
recent status byte value in the GPIB output buffer. The mean¬ 
ings of the status byte bits are independent of how the byte is 
read except for bit six. When this command is used, bit six of 
the status byte is read as the Master Summary Status (MSS). 
This bit provides a summary of all the other status bits that 
have been enabled to cause service requests. The MSS bit 
does not necessarily indicate that a service request is pend¬ 
ing. It only indicates that one was initiated and may or may 
not have been serviced. This is discussed in more detail in 
“Selecting What Can Make Requests”below. 

Reading the Status with a Serial Poll 

A serial poll is an operation performed by the GPIB control¬ 
ler to read the status byte(s) of a device or group of devices. 
More specifically, a serial poll is most often used to deter¬ 
mine which devices are ready for service and what the nature 
of that service should be. The advantage of a serial poll is that 
it does not disturb the operations of the instrument that is 
being polled. The controller can either periodically perform a 
serial poll of all devices to determine their current status or 
the controller may do so only when interrupted by a service 
request from one of the remote devices. 

The status information obtained with a serial poll will be 
identical to that obtained with the SHOW STATUS com¬ 
mand except for the value of bit six. When read using a serial 
poll, bit six is always the ReQuest for Service (RQS) bit, not 
the MSS bit. Bit six will be set if the bridge initiated a service 
request, and clear if it did not. Performing a serial poll clears 
the RQS bit but has no effect on any other bits in the status 
register including the MSS bit. 

Reviewing the technical details required to perform a typical 
serial poll, the controller first sends an SPE bus command to 
the remote devices. This places the remote devices in serial 
poll mode. The controller then addresses each device one-by- 
one to talk. Each device returns its own status byte to the con¬ 
troller when its turn to talk comes. The controller can act on 
this status information immediately or save it for later analy¬ 
sis. When all the devices have been polled, the controller 
sends the SPD bus command followed by the UNT bus com¬ 
mand. 

Most controllers provide simple ways of performing serial 
polls. For examples, see “Controller Initiated / Serial Poll” on 
page 6-10 and “Non-Controller Initiated / Serial Poll” on 
page 6-11. 


Service Requests 

If the other devices in the system have the GPIB service 
request function in addition to the serial poll function, then 
the use of service requests in conjunction with the serial poll 
function is probably preferable to doing serial polls by them¬ 
selves. To use service requests, your controller must first 
enable this function in each of the desired individual instru¬ 
ments using the commands defined by the manufacturers of 
these instruments. The controller is then free to ignore the 
bus and perform other lower priority tasks. When one or 
more of the instruments on the bus requires service, it will 
assert the SRQ bus line which in turn will interrupt the con¬ 
troller. The controller then performs a serial poll in the man¬ 
ner described earlier. When the controller reads the status 
byte of the device that asserted the SRQ line, the device will 
release this line. If that device was the only requesting 
device, the line will become unasserted. If the controller is 
checking the SRQ line, it can terminate the poll at this time. 
The bits in the status byte read from the requesting device 
should indicate the nature of the service that the requesting 
device requires. 

If more than one device on the bus had requested service, 
then the SRQ line will not become unasserted when the status 
byte of the first requesting device is read. For this reason, it is 
essential when there is more than one remote device on the 
bus with service requests enabled, for the controller to test 
the RQS bit (bit six) of the status byte that is received from 
each device. The requesting device(s) will always have this 
bit set and thus the controller can determine which devices 
need service even if there is more than one. The bus control¬ 
ler must service each request before another request can 
occur. 

The next two sections explain how to enable service requests 
in the AH 2500A. Examples of their use are given in “Con¬ 
troller Initiated / Service Request” on page 6-10, “Non-Con¬ 
troller Initiated / Service Request” on page 6-11 and “Two 
Interactive Program Examples” on page 6-13 

The Service Request Enable Mask Byte 

To control which status changes can cause service requests to 
occur, the AH 2500A contains a second register called the 
“Service Request Enable mask byte” abbreviated SRE. The 
bits in this register mirror those in the status byte except for 
bit six which is not used in the SRE byte. 

The SRE byte is used to determine which bit changes in the 
status byte are allowed to send a service request to the GPIB 
controller. Any bits which are set in the SRE byte will allow 
certain changes in the corresponding bits in the status byte to 
cause a service request. Which status changes (set or clear) 
that are actually allowed to cause a service request are listed 
for each bit in the column labeled “Generates SRQ when” in 
Table 6-1. 
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Selecting What Can Make Requests 

To specify which of the bits in the AH 2500A status byte are 
allowed to initiate a service request, the following command 
can be issued only from a remote device to set bits in the SRE 
byte: 

SR E mav . exe . rdy . pon . urq . erne . onr 

where each label that is entered is a one if transitions in that 
status condition are to cause a service request and zero if not. 
The first period is mandatory when the mask is entered in this 
binary format. This command uses positional parameters as 
described in '‘Positional Parameters” on page A-l. 

The example SRE . 1 ... 8 . 1 will enable the exe and erne 
error event bits to cause service requests. The urq event status 
bit will be disabled and all other SRE bits will be left as they 
were. 

The binary parameter accepted by the SRE command shown 
above is easier to use and more flexible than the conventional 
binary weighted decimal that is standard. If you prefer to use 
the standard, enter the command: 

SR E bwdmask 

The bwdmask (binary-weighted-decimal mask) value can. 
have any value from 0 to 255. When this value is translated to 
binary, the bit positions that are ones will cause the corre¬ 
sponding service requests to be allowed, lire only exception 
is bit position six which is ignored. The default value of the 
service request enable mask stored in the BUS 0 parameter 
file is zero. 

Note that under certain conditions it is possible for the AH 
2500A to cause extraneous service requests. This is not a 
problem provided that the controller always performs a serial 
poll after each service request to verify that a new reason for 
service has actually occurred. Note also that all status bits 
must be treated like states , not events, since multiple service 
requests might occur for the same status bit. 

Reading the Service Request Enable Byte 

The current value of the service request enable mask can be 
read using the command: 

SHOW SRE 

The value will be reported as individual binary bits unless 
compatibility mode is enabled. Compatibility mode will 
cause the value to be reported as a binary weighted decimal 
integer. To change the setting of this mode see “COMPATI¬ 
BILITY MODE” on page 6-14. 

The SHOW SRE command is not available from the front 
panel of the AH 2500A, but can be shown there as one of the 
windows in the SHOW BUS list. The SRE commands can 
be executed indirectly from the front panel if they are placed 
in an AH 2500A program. 
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MAKING GRIB MEASUREMENTS 

This section discusses the various ways that a GPIB control¬ 
ler can be programmed to initiate measurements and read 
results from the AH 2500A. There is not much that is unique 
to the AH 2500A presented in this section. With the excep¬ 
tion of the exact command syntax, everything discussed here 
is typical of other GPIB measuring instruments. This section 
should be helpful if you are not very familiar with GPIB 
operation and are looking for some examples to get started 
with. 

Initiation of Measurements 

There are two fundamentally different ways of initiating 
measurements in a GPIB environment. Either the GPIB con¬ 
troller can initiate them or something else can initiate them. 

Controller Initiated Measurements 

A GPIB controller has two ways of initiating measurements. 

1. One way is to use the SINGLE or TRG commands to 
start a measurement. These AH 2500A commands are 
each capable of initiating a single measurement. They 
are described in more detail in “Taking Measurements 
One at a Time” on page 4-4. 

2. A measurement can also be initiated from, the controller 
with a GET (Group Execute Trigger) bus command if 
the bridge is addressed to listen. The GET command 
will be executed by the bridge in the remote or in the 
local states. This command has the ability to simulta¬ 
neously trigger a number of devices that are connected 
to the GPIB bus. This can be useful for fast bus devices, 
but offers little advantage with the AH 2500A. 

The common characteristic of the SINGLE, TRG and GET 
commands is that the controller initiated these commands 
and therefore, the controller “knows” when the correspond¬ 
ing results are expected to be available. 

Non-Controller Initiated Measurements 

There are several ways that measurements can be initiated 
without the GPIB controller being involved. These are: 

1. The bridge can be programmed so that a signal on the 
external trigger input of the AH 2500A can initiate a 
measurement. 

2. The SINGLE key on the front panel of the bridge can 
initiate a measurement. 

3. The CONTINUOUS command will cause the AH 
2500A to initiate readings on its own at a rate specified 
when the command is entered. Although the GPIB con¬ 
troller could issue this command, the resulting readings 
cannot be considered to be controller initiated. The con¬ 
troller would “know” the rate at which measurements 
would be taken, but it would not “know” when the 
results would be available. 
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4. Program files in the AH 2500A can initiate more com¬ 
plex measurement sequences. The TRG and GET com¬ 
mands also have this ability. 

The common characteristic of the external trigger, front panel 
SINGLE key and CONTINUOUS commands and possibly 
of the programmed command sequences, is that the control¬ 
ler did not initiate these commands. Therefore, the controller 
“does not know"’ when the corresponding results are expected 
to be available without its getting more information. 

Synchronization 

Perhaps the most important reason for distinguishing 
between controller and non-controller initiated measure¬ 
ments is the effect upon synchronization. It is frequently crit¬ 
ical to know that a given measurement result was caused by a 
particular initiation event and not by the initiation event pre¬ 
ceding or following the desired event. Synchronization 
occurs when the result read by the GPIB controller is always 
caused by the desired initiation event. 

When the controller initiates each individual measurement, 
synchronization is automatically obtained if the controller 
does not initiate another measurement until the result from 
the current measurement has been read. (To guarantee syn¬ 
chronization, it is essential that a measuring instrument auto¬ 
matically abort query commands which are interrupted by 
other commands.) 

When the controller does not initiate each individual mea¬ 
surement, it will have no way to maintain synchronization 
unless other information or signals can be used. 

Determining When to Read Results 

Once a measurement has been initiated, the AH 2500A will 
then spend anywhere from about 40 milliseconds to 1000 
seconds making the requested measurement. The GPIB con¬ 
troller then has three methods available to read the result 
from the bridge. These are discussed in the three sections 
below in increasing order of performance. 

Hanging the Bus 

The simplest way for a GPIB controller to get results from an 
bridge is to initiate a data transfer from the bridge anytime a 
measurement result is expected to be forthcoming. This will 
cause the GPIB bus to be hung until a result becomes avail¬ 
able from the bridge. There is little disadvantage to this 
approach if no other devices on the bus need to be serviced 
during this time and if the controller does not need the pro¬ 
cessing time for another task. 
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Serial Polling 

The GPIB controller can be programmed to periodically per¬ 
form a serial poll of the status bytes of all. the active devices 
on the bus. Such polling could read the status byte of the AH 
2500A to see if a result is available. If the MAV bit in the sta¬ 
tus byte is set. then the measurement has been completed and 
it (or an error message) can be read by the controller. 

When there are a number of devices on the GPIB bus, a dis¬ 
advantage to this approach is that controller programs may 
have to be carefully written to ensure that the status byte is 
checked often. Otherwise, if measurements are not control¬ 
ler-initiated, data may be lost since the most recent measure¬ 
ment result will overwrite any unread previous result. 

Service Requests 

The highest performance method is to use the service request 
interrupt capability of the GPIB bus. With the MAV bit of the 
AH 2500A service request enable mask set, the GPIB con¬ 
troller will be interrupted every time a measurement result 
becomes available. This allows the controller to start a mea¬ 
surement and then perform other tasks until a service request 
occurs. The controller then does a serial poll to find out 
which device caused the interrupt. If it finds that the RQS bit 
(bit six) in the AH 2500A status byte was set then it knows 
that the AH 2500A generated a service request to the control¬ 
ler. The controller should then check the other bits in the sta¬ 
tus byte to see if the expected measurement result is available 
or if some kind of error has occurred instead or in addition. If 
it finds the MAV bit set and no error bits set, then the mea¬ 
surement result can be read from the bridge and assumed to 
be valid. 

Using service requests almost always minimizes the amount 
of GPIB controller processing time used. The amount of time 
spent doing GPIB bus operations is also almost always mini¬ 
mized. 

Six Examples 

Each section below gives one example of a program having 
the characteristics given in its section title. The programs 
show several different examples of both controller and non- 
controller initiated measurements. All programs are written 
in TransEra HTBASIC which emulates an HP9000 series 
200/300 workstation. The AH 2500A default parameters are 
assumed. 

None of the example programs in this chapter test the status 
byte for errors because all errors generate a result, even for 
commands that are not ordinarily query commands. Thus it is 
only necessary to report any results that become available in 
order to catch any error messages that might occur. For 
examples using a serial poll, it is only necessary to test the 
MAV bit to detect a possible error message. The EXE and 
CME error bits need not be checked if MAV is checked and if 
the corresponding result is reported. 
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Controller Initiated / Bus Wart 

The first example, shown in Figure 6-1, is the very simplest. 
This program contains a short loop which issues a SINGLE 
command to the AH 2500A, then immediately sets up a data 
transfer from the bridge. The controller then waits as long as 
necessary for the measurement result to be returned. When it 
is, the controller reports the result and starts the loop again. 


1 00 

DIM fi $[8 0] 


1 1 0 

OUTPUT 728 

; "SINGLE" 

120 

ENTER 728; 

R$ 

130 

PRINT R$ 


140 

GOTO 118 


150 

END 



Figure 6-1 A simple controller-initiated program. 


Pros and cons: 

• Simplest to implement. 

• No readings are ever lost. 

• Maximum measurement rate if controller initiates read¬ 
ings before bridge finishes measurements. 

• Wastes controller execution time if control ler initiates 
readings before bridge finishes measurements. 

• Wastes bus operation time if controller initiates a reading 
before bridge finishes a measurement. 

Controller Initiated / Serial Poll 

The second example, shown in Figure 6-2, uses the GPIB 
GET command to initiate a measurement. A GET program 
producing a single measurement result is assumed to exist. 
An example is given in “Initiating with a TRG/GET Pro¬ 
gram” on page 4-4. After measurement initiation, the control¬ 
ler stays in the serial poll program loop until the MAV bit (bit 
seven) in the AH 2500A status byte is set. When this occurs, 
the result is reported and the main program loop is started 
again. 


100 

DIM R$[80] 


110 

OUTPUT 728; "BUS 

... 1 .0" 

120 

TRIGGER 728 

!ISSUE fl "GET" 

130 

3-5P0LL(728) 


140 

IF NOT BIT( 5 j 7) 
ENTER 728; fl$ 

THEN GOTO 130 

150 


160 

PRINT R$ 


170 

GOTO 120 


180 

END 



Figure 6-2 A GET-initiated, serial poll program. 


Pros and cons: 

• No readings are ever lost. 

• High measurement rate. 

• Wastes controller execution time. 


Controller Initiated / Service Request 

The third example, shown in Figure 6-3, uses the TRG com¬ 
mand to initiate each measurement. As in the previous exam¬ 
ple, an appropriate GET program such as that in “Initiating 
with a TRG/GET Program” on page 4-4 is assumed to exist. 
After service requests are enabled and the initial TRG com¬ 
mand is issued, the controller program is free to execute any 
other code that might be useful. 

When the bridge has a result, it will generate a service 
request which will cause the controller to begin executing the 
program’s interrupt code. This code will poll the instruments 
on the bus to see which have the RQS bit (bit six) set. When 
the code finds this bit set in the AH 2500A’s status byte, it 
will check the MAV bit (bit seven) to see if the measurement 
completed. If so, the result is reported, a TRG command is 
issued again to start another measurement, and the controller 
returns to the code that was executing at the time of the ser¬ 
vice request interrupt. 


100 

DIM R$[88] 


1 10 

ON INTR 7 GOSUB 170 


120 

OUTPUT 728; "BUS ... 

1.0" 

130 

OUTPUT 728; "SRE 1.; 

TRG" 

1 48 

ENflBLE INTR 7;2 


158 

GOTO 150 

IIDLE LOOP 

170 

STATUS 7,1; S !CLERR 
3=SPQLL(723) 

CQNTROLR STATUS 

188 


1 90 

IF NOT (BIT(S,6) AND 
THEN GOTO 230 

BIT (S j 7)) 

200 

ENTER 728; fi$ 


218 

PRINT fl$ 


220 

OUTPUT 728; "TRG" 


230 

ENflBLE INTR 7;2 


240 

RETURN 


250 

END 



Figure 6-3 A controller-initiated program 
using service requests. 


Pros and cons: 

* Minimizes controller execution time. 

• No readings are ever lost. 

* High measurement rate. 

• Minimizes effects on operation of other bus devices. 

Non-Controller Initiated / Bus Wait 

The fourth example, shown in Figure 6-4, is similar to the 
first except that measurements are started with the CONTIN¬ 
UOUS command. This command is issued once at the top of 
the program. Since the default time parameter for the CON¬ 
TINUOUS command is zero, the bridge will take measure¬ 
ments at a rate determined by the AVERAGE command. 

The program contains a short loop which immediately sets up 
a data transfer from the bridge. The controller then waits as 
long as necessary for the measurement result to be returned. 
When it is, the controller reports the result and starts the loop 
again. If the time used by the controller to read and report the 
result is less than the time used by the bridge to make a mea¬ 
surement, then no measurement results will be missed. 
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100 Din A $ [ 8 8 ] 

110 OUTPUT 728; “CONTINUOUS 
120 ENTER 728; fl$ 

139 PRINT fl$ 

140 GOTO 128 
150 END 


Figure 6-4 A simple non-controller-initiated program. 


Pros and cons: 


Pros and cons: 

• Front panel display always shows the latest measure¬ 
ment independent of the controller’s actions. 

• No readings are ever lost due to a slow controller since 
the HOLD 0 command synchronizes the controller to the 
external trigger buffer. 

• High measurement rate. 

• Wastes controller execution time. 


8 Simple to implement. 

• Front panel display always shows the latest measure¬ 
ment independent of the controller’s actions. 

• No readings are ever lost only if the controller consis¬ 
tently begins reading the bridge before the bridge fin¬ 
ishes the next measurement. 

e Maximum measurement rate if controller initiates read¬ 
ings before bridge finishes measurements. 

• Wastes controller execution time if controller initiates 
readings before bridge finishes measurements. 

• Wastes bus operation time if controller initiates a reading 
before bridge finishes a measurement. 

Non-Controller Initiated / Serial Poll 

The example in Figure 6-5 is similar to that in Figure 6-2 
except that the measurements are assumed to be initiated by 
signals entering the external trigger input of the AH 2500A. 
This example creates an external trigger program and stores 
it in PRO GRAN 18. This program file causes a single mea¬ 
surement to occur for each external trigger pulse or contact 
closure. As in the previous example, if the time used by the 
controller to read and report the result is less than the time 
used by the bridge to make a measurement, then no measure¬ 
ment results will be missed. However, trigger pulses can be 
lost (ignored) if they occur too rapidly. See “Handling Unex¬ 
pected Trigger Pulses” on page 3-14 for more information. 


100 

Din fmse] 


110 

OUTPUT 728; "PROGRAM 

CREATE" 

120 

OUTPUT 728; "HOLD 0" 


130 

OUTPUT 728; "SINGLE" 


135 

WRIT .1 ! NEED RFTER 

QUERY IN PROGRAM 

140 

OUTPUT 728; 11 " 


150 

OUTPUT 728; "STORE PROGRAM 18" 

168 

OUTPUT 728; "PROG 10 

if 

170 

S=5P0LL(728) 


180 

IF NOT BIT(Sj 7) THEN 

GOTO 170 

190 

ENTER 728; fl$ 


280 

PRINT fl$ 


210 

GOTO 160 


228 

END 



Figure 6-5 A non-controller-initiated program 
using serial polls. 


Non-Controller Initiated / Service Request 

The example in Figure 6-6 is similar to that in Figure 6-3 
except that the measurements are assumed to be initiated by a 
person that has executed a command from the front panel of 
the bridge. This can be any command or AH 2500A program 
that generates measurement results. 


100 

DIM R$[80] 


1 10 

ON INTR 7 GOSUE! 180 


128 

OUTPUT 728; "BUS ...1 

.0;SRE 1 ." 

138 

OUTPUT 728; "LOG BUS 

1 " 

148 

LOCRL 728 


150 

ENABLE INTR 7; 2 


168 

GOTO 168 

HOLE LOOP 

170 

! 


188 

STATUS 7,1; S ! CLEAR 

CONTROLR STATUS 

190 

S=3P0LL(728) 


200 

IF HOT (BIT(S,6) AND 
THEN GOTO 230 

BIT (S, 7 ) 5 

216 

ENTER 728; A$ 


228 

PRINT A$ 


238 

ENABLE INTR 7; 2 


240 

RETURN 


258 

END 



Figure 6-6 A non-controller-initiated program 
using service requests. 


The controller program enables service requests and then, 
causes a GPIB GTL bus command to be executed. This puts 
the bridge in the local state so that commands entered on the 
front panel will be accepted. The program could have unas¬ 
serted the GPIB REN line instead of causing a GPIB GTL 
bus command to be executed. 

This program changes the Logger Bus parameter to its 
default value of one in case it has been changed to zero. 
Otherwise, the controller will not receive any results. 

Pros and cons: 

• Minimizes controller execution time. 

• Front panel display always shows the latest measure¬ 
ment independent of the controller’s actions. 

• No readings are ever lost only if the controller consis¬ 
tently begins reading the bridge before the bridge fin¬ 
ishes the next measurement. 

• High measurement rate. 

• Minimizes effects on operation of other bus devices. 
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INTERACTIVE OPERATION 

It is possible to program your GPIB controller so that you can 
converse interactively with your AH 2500A just as you would 
from the front panel of the bridge or via the RS-232 port. 
Such programming can communicate even while other bus 
and controller operations are going on. 

Benefits 

Interacti ve communication can be very useful in the follow¬ 
ing situations: 

1. You are just learning how to use the bridge and want to 
explore its commands. 

2. You know how to use the bridge and its commands, but 
want to experiment with bridge parameters to deter¬ 
mine what is best for your application. 

3. You have written a program, but it doesn’t work. You 
can use an interactive program (like the example given 
later) to test the ideas in the program you wrote. 

4. Your use of the bridge is not sufficiently structured or 
your applications are too varied to justify writing pro¬ 
grams for your controller. Nevertheless, you want the 
advantages of seeing your commands and results on 
your GPIB controller screen and you want the option of 
saving them to a file or printer. 

5. You want one program that can access virtually all of 
the bridge's features. 

6. You want to fully calibrate the bridge via the GPIB. 
This requires interactive operations. 

If any of the above situations apply, you will benefit from 
running an interactive program on your GPIB controller. 

Establishing Interactive Operation 

An interactive program operates by accepting a command 
line that you type into your GPIB controller. When you press 
the RETURN key on your keyboard, the interactive program 
sends your command line to the AH 2500A. The bridge exe¬ 
cutes the command line and may or may not produce a result 
for you to read. If a result is available, an interactive program 
will read it and display it on your GPIB controller screen. 
Whether or not a result was available, a prompt is shown on 
your screen to indicate that the bridge is ready for you to 
enter another command line. This loop can continue indefi¬ 
nitely. 

A second feature is required of an interactive program to han¬ 
dle the case where you might want to interrupt a CONTINU¬ 
OUS command or other command. Your controller may 
require that its interactive program execute a command such 
as INPUT to be able to read its keyboard. While a CONTIN¬ 
UOUS command is executing, an interactive program will 
not put a prompt on your GPIB controller screen or attempt 
to read its keyboard. Without this, you are unable to enter a 
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new command line to interrupt the bridge. As a result, an 
interactive program must have the ability to recognize a spe¬ 
cial key or key sequence from your keyboard. When this key 
sequence is pressed, the program will put a new command 
line prompt on your GPIB controller screen and request input 
from the keyboard. The bridge will be interrupted after a 
complete command is entered in response to this prompt. 

The key to communicating interactively is in having a way 
for the GPIB controller to determine that the bridge is ready 
for another command. The AH 2500A provides two ways to 
do this: 

1. The Status Byte Register contains a RDY bit that is set 
when the bridge is waiting to receive another command. 

2. An optional prompt string can be sent to the GPIB 
when the bridge is ready to receive another command. 

The GPIB controller can be programmed to use either or both 
of these detection methods to communicate interactively. In 
either case, it is necessary to monitor the MAV status bit. The 
use of these two methods is discussed below. 

Using the RDY and MAV Status Bits 

A program running on a GPIB controller can communicate 
interactively by using the MAV and RDY bits. The MAV bit 
tells the controller when to read and display a result from the 
AH 2500A. The RDY bit tells the controller when to show a 
prompt on its screen to indicate that another command line 
can be entered. On some controllers the RDY bit may also be 
essential for telling the program when to request input from 
its keyboard. The RDY bit provides a simple way to deter¬ 
mine when the bridge is ready to receive a command, but it 
does not pass any other information. The RDY and MAV bits 
can be monitored with a serial poll or with service requests. 

Enabling the GPIB Prompts Feature 

You can configure your bridge to send all the same prompt 
strings to the GPIB port as are sent to the RS-232. This is 
useful because many of these prompts contain information 
that suggests what to do next. With Option-E bridges, execu¬ 
tion of a CALIBRATE 3 command requires the ability to 
read these prompts. 

GPIB prompts are enabled and disabled with the command: 
BU S .... prompts 

The prompts feature is enabled when the prompts parameter 
bit is set to a one. The default value of the prompts parameter 
stored in the BUS 0 parameter file is zero. 
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When the prompts parameter is set, each prompt generated 
by the bridge is appended as the last line of any query result. 
If there is no associated query result, then a message is sent 
that contains only the prompt. These prompts provide much 
more information than the RDY bit. but add complexity to 
any results sent from the bridge. For this reason, they are best 
suited for human readability whereas the RDY bit by itself is 
more optimum for machine readability. 

Two Interactive Program Examples 

The examples in Figure 6-7 and Figure 6-8 will allow inter¬ 
active communication with the AH 2500A via a GPIB con¬ 
troller. The first program uses only serial polls; the second 
uses service requests. Like the previous examples, these pro¬ 
grams are also written in HTBASIC. 


10 

! fl PROGRAM TO COMMUNICATE 



20 

! IHTERACTIUELY UITH THE 2508R 


30 

! USING ONLY SERIAL POLLING 

, 


40 

j 




100 

DIM fl$[3000] 




1 1 0 

DIM B$[100] 




120 

! F11 KEY FORCES COMMAND MODE 


130 

CONFIGURE KEY 133 TO NUM("1 

’) 


140 

ON KEY 1 GOTO 910 




150 

! ENRBLE PROMPTS TO BE 

SENT 

; 


168 

308 

OUTPUT 728; "BUS . . . 1 . 

i 

1" 



! BEGIN MAIN LOOP 




31 0 

S=5PQLL(728) 




320 

! TEST MRU STATUS BIT: 




338 

IF Bins, 7) THEN GOTO 

518 



348 

! TEST RDY STATUS BIT: 




359 

IF BIT(S,4) THEN GOTO 

920 



368 

GOTO 310 




370 

l 




500 

! PROCESS RESULT FROM 

2 5 0 0 A 



510 

ENTER 728 ; fl$ 




520 

i-PQS(n$,":”) 




530 

IF 1=0 THEN 600 




540 

B$=A$[1, 1-1 ] 




550 

PRINT B$ !SHOW A LI 

NE AT 

r 

TIME 

560 

A$=A$[1 + 1,L E N(A $) ] 




570 

GOTO 520 




600 

PRINT A$; !SHOW LAST 

LINE 

OF 

RESULT 

61 0 

IF BIT(Sj 4) THEN GOTO 

928 



628 

PRINT !FORCE NEW LINE IF 

HO 

PROMPT 

630 

GOTO 318 




640 

j 




900 

! QCL AND COMMAND INTERRUPT 



91 0 

PRINT " CMD>"; 

S=SP0LL(728) !TURN OFF 




920 

2580 

TALK LED 

930 

B$="" !ELIMINATE 

PREUI 

OUS 

INPUT 

948 

INPUT B$ 




950 

! CONTROL E RESETS AH2500A: 



960 

IF B$[1]<>CHR$(5) THEN 

GOTO 

998 

970 

CLEAR 728 




980 

GOTO 920 




990 

OUTPUT 728; 6$ 




1000 

PRINT B$ 




1010 

GOTO 318 




1020 

END 





Figure 6-7 A program that allows interactive operation 
with the AH 2500A using only serial polling. 


Both programs first configure the AH 2500A so that it is in 
GPIB compatibility mode and so that prompt messages will 
be sent. Near the top of each program, the ON KEY 1 
instruction was executed to make the “FI 1” key special. 
Pressing the FI 1 key on the GPIB controller's keyboard 
causes a CO 11 HAND INTERRUPT routine to be executed. 
This routine first displays a “C11D >” prompt on the control¬ 
ler's screen. After a command line is entered in response, the 
program sends the line to the AIT 2500A where it is executed. 
If a A E is entered instead, a Device Clear is sent to the bridge 
and the controller will continue to wait for a command line to 
be input. 

When the AH 2500A is done executing the command line, it 
sets its MAV bit and possibly its RDY bit also. If the 0 U T P U T 
728; " 3 RE 1 . . 1 " instruction was executed as in the pro¬ 
gram of Figure 6-8, then a service request will also occur. 
The controller then reads the bridge’s status byte with a serial 
poll. The controller tests the MAV bit in the status byte. If it 
is set, the controller reads the result from the bridge and dis¬ 
plays it on the controller’s screen. If the RDY bit is also set, 
then the controller prompts for another command input. Oth¬ 
erwise, the controller returns to wait for the MAV or RDY bit 
to become set again. 

In these programs, the message result processing routine 
looks for any semi-colon (;) characters that might be in the 
message sent by the bridge. These are used to delineate each 
line of characters of the message that is shown on the GPIB 
controller’s screen. If the bridge is not run in compatibility 
mode, then this code must search for line feed characters (LF 
or 10) rather than semicolons. Many controllers are more 
sophisticated and would not require this translation. 

These programs are “hung” in a loop until a command line is 
entered, but a more sophisticated rewrite of this program 
might allow the controller to do other things while it is wait¬ 
ing for a command line to be entered. 

Both programs will work as they stand without enabling 
prompt messages to be sent. They will simply be less friendly 
to use since less information will be shown on the controller 
screen. 

Sometimes the RDY and MAV bits are both set together in 
the status byte. Other times they are set separately so that two 
readings of the status byte are required to detect them. 
Depending on exactly how the interactive program works, 
this difference can leave the TALK LED on the bridge's front 
panel on in one case and off in the other. Since it is more 
meaningful to have the TALK LED off when no talking is 
actually occurring, line 910 in both programs is used only to 
ensure that the AH 2500A is untalked when prompts are dis¬ 
played. 
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10 ! fl PROGRAM TO COMMON I CATE 

28 ! INTERACTIVELY WITH THE 2500R 
30 ! USING SERVICE REQUESTS. 

48 ! 

100 DIM A$[3009] 

118 DIM B$[108] 

120 CONFIGURE KEY 133 TO HUM(" 1") ! F11 

138 ON KEY 1 GOSUE 820 

148 ON IHTR 7 GOSUB 310 

150 ! ENABLE PROMPTS TO BE SENT: 

168 OUTPUT 728; "BUS ...1.1 " 

170 ! SET MAU AND RDY SRE BITS: 

180 OUTPUT 728; "SRE 1 . .1" 

198 ENABLE IHTR 7; 2 
200 ! 

218 GOTO 210 !IDLE LOOP 

220 ! 

300 ! PROCESS SERVICE REQUESTS 

318 STATUS 7,1; 3 !CLEAR COHTROLR STATUS : 

320 S»SPQLL<728) 

330 ! TEST RQS STATUS BIT: 

340 IF BIT(Sj 6) THEN GOSUB 510 

350 ON KEY 1 GOSUB 820 !GOSUB 

360 ENABLE INTR 7;2 

370 RETURN 

380 ! 

500 ! REPORT ANY RESULT FROM 2500A 
510 ON KEY 1 GOTO 820 !GOTO 

528 ! TEST MAU STATUS BIT: 

530 IF BITCS.7) THEN GOTO 610 
540 ! TEST RDY STATUS BIT: 

550 IF BIT(S.4) THEN GOTO 918 
560 RETURN 
570 ! 

688 !PROCESS RESULT FROM 2580A 
618 ENTER 723 ; A$ 

620 I=P05{ A$, 11 ;") 

638 IF 1=0 THEN 708 
648 B$=fl$[1,1-1] 

650 PRINT B$ I3H0U fl LINE AT fl TIME 

660 A$=fl$[1+1,LEN(fl$)3 
670 GOTO 620 
680 ! 

700 PRINT fl$; ISHOW LAST LINE OF RESULT 

719 IF BIT(S,4) THEN GOTO 918 

720 PRINT !FORCE NEW LINE IF NO PROMPT 
730 RETURN 

748 ! 

888 ! DCL AND COMMAND INTERRUPT 
818 OFF INTR 7 
828 PRINT "CMD>"; 

830 GOSUB 918 

848 ON INTR 7 GOSUB 318 

850 RETURN 

868 ! 

908 ! TEST INPUT FOR A E DEVICE CLEAR 
916 S=SPOLL(728) !TURN OFF 2500 TALK LED 
920 6$ ="" lELIMINRTE PREVIOUS INPUT 

930 INPUT B$ 

948 IF B$[1]<>CHR$(5) THEN GOTO 970 

958 CLEAR 728 

968 GOTO 920 

970 OUTPUT 728; B$ 

988 PRINT B$ 

990 RETURN 
999 END 


Figure 6-8 A program that allows interactive operation 
with the AH 2500A using service requests. 


COMPATIBILITY MODE 

The IEEE-488.2 standard requires at least two unfortunate 
data formats that are still used only to maintain compatibility 
with past practice. These are: 

1. The values of status and mask bytes are represented as 
binary weighted decimal numbers. A modem represen¬ 
tation would use binary, octal or hexadecimal. Any of 
the latter formats allows the value of individual bits to 
be much more easily determined and changed. 

2. Result lines are separated with semicolons (;) rather 
than LF characters (ASCII OA H ). For message results 
having multiple lines totaling more than about 80 char¬ 
acters the use of semicolons as separators makes such a 
result harder to display and print. Most other conven¬ 
tions require LF as a line terminator. 

Using an abbreviated form of the command introduced in 
“Setting the Configuration Parameters” on page 6-2, the AH 
2500A allows you to choose between compatibility and con¬ 
venience. This command 

BU S ... compat 

selects compatibility mode when compat is set to one. In 
compatibility mode, all status byte values are reported in 
binary weighted decimal and all result lines are separated 
with semicolons. With compatibility mode off, all status byte 
values are reported in binary and all result lines are separated 
with LF characters. All messages are terminated with 
LF A END no matter how compatibility mode is set. (A mes¬ 
sage consists of one or more result lines.) 

The default compatibility parameter value stored in the 
BUS 0 parameter file is zero. 

INITIALIZING THE BRIDGE 

There are three different initialization functions that can be 
issued to the AH 2500A from the GPIB bus. These are the 
Interface Clear bus command (1FC), the DCL and SDC 
Device Clear bus commands and the RST bridge command. 
The DCL and SDC commands have the same effect on the 
bridge. 

These three initialization commands form a hierarchy in the 
sense that it may be necessary (due to some malfunction) to 
issue a lower command before the next will be accepted. The 
RST command might not be accepted before an SDC or 
DCL command is issued. The SDC or DCL commands might 
not be accepted before an IFC command is issued. 
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Interface Clear 

The interface clear (IFC) command is communicated from 
the GPIB controller via a dedicated line on the GPIB bus. 
This command will clear parts of the AH 2500A GPIB inter¬ 
face to the extent required to be able to (at least) accept a 
DCL or SDC command. 

Device Clear Commands 

The execution of a general DCL (Device CLear) command 
from the GPIB controller will cause all remote devices on the 
bus with this capability including the AH 2500A to reset their 
internal command processing related functions. The control¬ 
ler may also address an instrument to be a listener and then 
issue an SDC (Selective Device Clear) bus command to reset 
the same functions in that instrument only. The GPIB device 
clear commands have exactly the same effect as a A E charac¬ 
ter from the serial port and the IFUNC1 [CLEARl Ifunc) 

ICLEARl front panel key sequence. 

The items reset include: 

• The GPIB input buffer 

• The GPIB output buffer 

• Command processing functions 

• Result formatting functions 

The RST Command 

The effect of this AH 2500A command is to put all higher 
control sections of the bridge except for the bus control cir¬ 
cuitry into the same state as at power-on. The PON status bit 
is not set when, this command is executed. In fact, it is 
cleared. 

Bridge parameters in the Basic and Gauge parameter sets are 
set to their power-on values as contained in the parameter 
sets numbered zero or one. Parameters in the Bus and Baud 
parameter sets are not initialized. See “PARAMETER SET 
INITIALIZATION” on page 3-10 for a more detailed expla¬ 
nation of power-on parameters. 

GPIB DATA LOGGING 

The AH 2500A can send all commands that are entered and 
all measurement data that is initiated from the front panel to 
the GPIB port. This allows you to keep a log of some or all 
bridge activity without necessarily having a GPIB controller. 
You can, instead, connect a GPIB printer or other GPIB log¬ 
ging device (logger) to the GPIB port. 

The logger should be able to read fast enough to handle the 
maximum data rate that the bridge is expected to produce. If 
it is not fast enough, all result lines will still be complete, but 
some lines will be lost. See “Receiving Every Response Mes¬ 
sage” on page 6-4 for more information. 


Enabling/Disabling GPIB Logging 

Logging to the GPIB port is enabled and disabled with the 
following command: 

LOG GER BU S content 

The contend parameter controls what, if anything, is logged to 
the GPIB port. The allowable values of the content parameter 
and the corresponding messages sent are listed in Table 6-2. 
This table is identical to the corresponding serial port 
Table 7-2 on page 7-13. 


Table 

6-2 Content parameter values 

Content 

Messages Sent to Logger 

0 

None (logging is disabled) 

1 

Measurement results only 

2 

All results (measurement and show) 

3 

All commands and all results 


The default content parameter value stored in the BUS 0 
parameter file is one. This enables logging to a remote GPIB 
device. This is a different default value from the RS-232 case. 
The reason is discussed in the next section. 

Logging to a Controller 

Logging to a GPIB controller is simple. Once logging has 
been enabled with the LOGGER BUS command from the 
front panel, all the controller has to do is to read the results. 
To create some results to read, use the CONTINUOUS com¬ 
mand, also from the front panel. The program that does the 
reading can have any of the three basic non-controller initi¬ 
ated forms given earlier in “Six Examples” on page 6-9. 

The AH 2500A defaults to logging only measurement results 
to the GPIB port, no matter what is there to take them. This 
makes working with the GPIB port a little friendlier since if 
any measurements have been taken, there will always be a 
measurement result there for the controller to read whether 
the controller “asked” for it or not. The LOGGER BUS 
command can be used to change this default so that either no 
results are sent unless asked for by the controller or so that 
more kinds of results are sent without the controller asking 
for them. 

Logging to a Non-Controller 

Although the default logging setting sends measurement 
results to the GPIB port, a GPIB controller is normally 
required to be able to read these results. However, if data log¬ 
ging is the only function that is desired (no commands issued 
by a controller), it is possible to log results without a GPIB 
controller by putting the bridge into talk-only mode. This is 
useful if you have a printer or other logging device that has a 
GPIB port that can be set to listen-only. 
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Talk-Only Mode 

If a listen only logging device such as a printer, is used 
instead of a bus controller, then the AH 2500A ton (talk-only) 
bit must be set to a one to put the AH 2500A in talk-only 
mode. This mode causes the bridge’s GPIB port to send 
results without having to first be addressed. As a conse¬ 
quence, there can be no other talkers on the bus at the same 
time. The command to set and clear talk-only mode is 

BU S ,. ton 

Talk-only mode will be set when ton is entered as a one. The 
mode will be disabled when ton is entered as a zero. The 
default ton parameter value stored in the BUS 0 parameter 
file is zero. Bus addresses are ignored in this mode. 
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Chapter 7 


Serial/RS-232 Remote Operation 


Operating the AH 2500A via the serial RS-232/current-loop 
port is often the simplest, friendliest and least expensive 
method of obtaining a remote control link. A serial link will 
also run much greater distances than a GPIB link. Because 
the RS-232 standard is so widely used, there are a wide vari¬ 
ety of possible computing devices to which the bridge may 
be connected. See “Serial Communication Options” on 
page 1-8 of Chapter 1, “Description and Installation” for a 
more detailed discussion of the advantages of using the serial 
port and of the many possible configurations. 

The serial port is usually used as an RS-232 port, but it can 
also be connected as a 20 mA current-loop port. 

This chapter discusses how to setup and operate your AH 
2500A via the serial port. Specifically, the major topics dis¬ 
cussed are how to: 

• Specify a cable to connect between a remote serial 
device and your AH 2500A. 

• Set the communication parameters using the BAUD 
command. 

• Save the serial configuration parameters introduced in 
this chapter by using the STORE BAUD command. 

• Optimize keyboard usage on your serial device using the 
DEFINE command. 

• Limit front panel access to your AH 2500A using the 
LOCAL, NREMOTE, and NLOCKOUT commands. 

• Use your serial device to log results from your bridge 
rather than to control your bridge. The LOGGER 
BAUD command controls this method of operation. 

CABLE CONNECTION ISSUES 

Finding or building the right cable to connect two serial 
devices to each other is, on the average, 90% of the effort 
required to establish a serial link. First, a cable must be found 
that will mechanically fit between the AH 2500A and the 
remote device. Unfortunately, this, by itself, is not usually 
sufficient to make a serial link operate. Making RS-232 con¬ 
nections is fairly easy, but two issues often trip the inexperi¬ 
enced user. One issue is that the DTE/DCE identity of the 
serial devices to be linked must be known so that transmit 
lines are connected to receive lines and vice-versa. The other 
issue is that unconnected handshake lines can prevent opera¬ 
tion even if they are not intended to be used. Neither of these 
issues is difficult to handle if you read enough of this section. 


For an excellent and concise discussion of RS-232 interfac¬ 
ing, see pages 720-726 of Reference 4 in the bibliography. 
For a thorough discussion of this topic, see Reference 11. 

Specifying an RS-232 Cable 

Finding or building the right cable involves selecting the 
right length, the right connectors, and the correct configura¬ 
tion of conductors inside. 

Cable Length 

The RS-232 standard specifies the maximum length of an 
RS-232 cable to be 50 feet (3.5 meters). In practice, a length 
of 250 feet (75 meters) will work at 9600 baud. Much longer 
lengths are possible at reduced baud rates. Note that ribbon 
cable with insulation displacement connectors will not work 
over such large distances. (Using ribbon cable requires that 
signal conductors not run side-by-side in the cable; they must 
be spaced with a ground conductor to work reliably over 
even short distances. No serial connector pinout in common 
use supports such an alternating signal/ground arrangement.) 
See Appendix A of Reference 10 which has some graphs and 
a good discussion of cable lengths for several serial, transmis¬ 
sion methods. 

Type of Connectors 

Once upon a time, there was only one kind of RS-232 con¬ 
nector in common use. This was the 25 pin D connector. 
Now, the IBM PC AT and some of its clones use a nine pin D. 
The RJ- XI, RJ-45 and other telephone connectors have come 
into common use. DIN connectors are used on Macintosh 
and other computers where space is at a premium. Other than 
the original 25 pin D connector, there are only de facto stan¬ 
dards, if that, to define RS-232 pinouts for these connectors. 

The AH 2500A has on its rear panel a serial port using an RS- 
232 standard 25 pin male DB-25 connector. You therefore 
will need a female mate to this connector, plus a mate to 
whatever connector is on your remote device. 

Connector Pinouts 

Table 7-1 lists connector pinouts for a cable to link one of a 
number of the most common remote serial device ports to 
your bridge. The first or left-most column in the table lists the 
pinout of the male DB-25 connector on the rear panel of the 
AH 2500A.. (Since mating connectors always have the same 
pin numbering, this pinout is also that of the female DB-25 
needed at the bridge end of the cable.) The next two columns 
in this table list the names and functions of the signals found 


AH 2500A Capacitance Bridge 


Serial/RS-232 Remote Operation 7-1 




Table 7-1 Cable pinouts from the AH 2500A to other common serial ports 


AH 

2500A 

DB-25 

Signal 

Name 

Signal Function 

Standard 

DCE 

DB-25 

Standard 

DTE 

DB-25 

IBM PC AT 
DTE 

DE-9 

Apple 

Macintosh 

Mini-DIN-8 

DEC 

MicroVAX 

3100 

2 

TD 

Transmitted data* 

2 

3 

2 

5 

5 

3 

RD 

Received data 

3 

2 

3 

3 

2 

4 

RTS 

Request to send* 

4 

5 

8 



5 

CTS 

Clear to send 

5 ' 

4 

7 



6 

DSR 

Data set ready 

6 

20 

4 



7 

SG 

Signal ground 

7 

7 

5 

4 

3 

8 

CD 

Carrier detect 

8 

20 

4 



20 

DTR 

Data terminal ready* 

20 

6 & 8 

1 & 6 



22 

RI 

Ring indicator 

22 






on these pins. The remaining columns list the corresponding 
pinouts of connectors that will mate with the remote devices 
or ports which are indicated at the head of each column. 
These columns contain the pinouts for standard DCE and 
DTE 25 pin D ports, the IBM PC AT and some clones 9 pin D 
connector, the Macintosh mim-DIN-8 port, and the 
Micro VAX 3100 MMJ port. 

If your remote serial device has one of these ports, then this 
table shows how to make a corresponding cable. All that is 
required is that each pin of your female DB-25 connector in 
the left-most column be connected to the corresponding pin 
of the column at the right whose port you will link to. Your 
bridge must also use the default DTE parameter bit setting as 
explained in “Swapping Transmit and Receive Data Lines” 
below. With this setting, the bridge will drive (or transmit on) 
the lines identified with asterisks (*) in the signal function 
column in the table. 

If your remote device has a DB-25 connector and is DCE, 
then the table shows a simple one-to-one correspondence of 
pins between the bridge and the remote device connectors. 
This allows using an ordinary straight-through cable having 
at least the conductors listed in the table. The connections for 
such a cable are shown in Figure 7-1. If you can’t determine 
if your remote port is DCE or if you don’t understand this 
term, read “Identifying Your Remote Serial Port” below. 

If your remote device has a DB-25 connector and is DTE, 
then the table shows that the connections inside the cable are 
more irregular. Notice that pin 20 of the connector going to 
the bridge connects to both pins six and eight of the connec¬ 
tor that plugs into the remote device. The reverse is also true; 
pin 20 of the connector to the remote device connects to both 
pins six and eight of the connector that plugs into the bridge. 
Making cables of this nature is time-consuming. Fortunately, 
a product called a “null modem” performs exactly this func¬ 
tion and can easily be purchased. 

7-2 Serial/RS-232 Remote Operation 


Female DB-25 connector to AH 2500A 




Male DB-25 connector to remote DCE device 


Figure 7-1 Straight-through DTE-to-DCE cable 

A null modem can be either a cable or a short adapter. It is 
intended to connect two DTE devices together. (It will also 
connect two DCE devices together.) When inserted in place 
of or in series with a straight-through RS-232 cable, a null 
modem will ensure that all of the input pins are driven by 
corresponding output pins. The pinouts in Table 7-1 show 
one way to wire a null modem. There are actually many 
available variations in the pinouts. Fortunately, all of the 
commercially available null modem variations that we have 
seen are compatible with the AH 2500A. This is true because 
the bridge does not use these lines for data flow control. A 
schematic for the null modem whose connections are given 
in Table 7-1 is shown in Figure 7-2. 

The sixth column in the table gives the pinout needed to 
specify a cable to link to an IBM PC AT or similar clone. The 
pinout is for a cable that connects to such a computer and not 
to another device that could connect to that same computer. 
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Female DB-25 connector to AH 2500A 



Female DB-25 connector to remote DTE device 


Figure 7-2 A typical null modem 

The interface on such a computer has DTE signals. The sche¬ 
matic for this IBM cable is shown in Figure 7-3. 


Female DB-25 connector to AH 2500A 



Female DE-9 connector to 
IBM PC style computer 


Figure 7-3 Serial cable to IBM personal computer 


Macintosh computers implement the newer RS-422 standard 
which specifies differential drivers and receivers. RS-422 is 
not really RS-232 compatible, but will communicate if con¬ 
nected as shown in the table and if the distance is not too long 
and the environment is not too noisy. It is desirable to con¬ 
nect pin 4 to pin 8 on the mini-DIN-8 connector. This shorts 
the positive, differential, data receive input to ground so it 
doesn’t pick up noise. The schematic for this Macintosh 
cable is shown in Figure 7-4. 

The DEC Micro VAX 3100 uses a special connector called an 
MMJ. This connector looks like an RJ style telephone con¬ 
nector, but the latch is offset so that the two are not compati¬ 


Mini-DIN-8 connector to 
Macintosh computer 



Female DB-25 connector to AH 2500A 


Figure 7-4 Serial cable to Macintosh computer 

ble. These connectors are readily available from third-party 
sources. Micro VAX 31.00’s use the RS-423 standard which is 
single ended and uses lower voltages than RS-232 but not as 
low as RS-422. The schematic for this DEC cable is shown in 
Figure 7-5. 


MMJ connector to DEC MicroVAX 3100 computer 



Female DB-25 connector to AH 2500A 


Figure 7-5 Serial cable to DEC MicroVAX 3100 


One commonly used pin is not listed in Table 7-1. On the 
DB-25 connector this is pin one and is called the frame 
ground. Common usage just connects the frame ground on 
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one connector to the frame ground on the other. However, the 
recent RS-232D standard specifies that the frame ground line 
is only to be connected to an equipment frame at one end of 
the cable, not the other. Therefore, we will make no recom¬ 
mendation as to how this should be connected. It is, however, 
extremely important that the signal grounds SG always be 
connected to each other. 


CAUTION 

It is extremely important that the chassis grounds of all 
equipment being interconnected be properly grounded 
through the power cord of each piece of equipment. Ground 
pins on power cords must never be cut off or otherwise 
defeated. Failure to observe this will frequently cause RS-232 
ports to be damaged if the serial link is disconnected while 
the equipment is plugged in (but not necessarily powered on). 
The failure results from the ability of power line RFI filter 
capacitors to cause an ungrounded equipment chassis to 
float to a voltage midway between the voltages on the two 
input power lines. This can put the chassis voltage at 50 to 
120 volts above ground (for line voltages of 100 to 240 volts) 
with enough current capacity to be a shock hazard and to 
cause damage to interface ports. (The AH 2500A does not 
use such filler capacitors, but many other pieces of 
equipment do.) 


You may not find the information in Table 7-1 to be sufficient 
to specify a cable because your remote device is not listed or 
because you are not sure if it is listed. The next section 
explains how to identify the most important characteristics of 
a serial port. 

Identifying Your Remote Serial Port 

If your remote device has a serial port using a DB-25 connec¬ 
tor, you may be uncertain as to whether it is DCE or DTE. If 
you aren’t sure which you have, you won’t know which col¬ 
umn in Table 7-1 to use to specify your cable. This problem 
tends not to arise with the other ports shown in the table, 
although it might be an issue with an IBM-like port. The dis¬ 
cussion below will refer only to a DB-25, but the same prin¬ 
ciples apply to ports of all kinds. 

DTE and DCE 

There are two basic kinds of RS-232 devices. One is called 
Data Terminal Equipment or DTE. Examples are video ter¬ 
minals and printing terminals. The other is calledData Com¬ 
munication Equipment or DCE, of which modems are 
examples. The intent of the RS-232 standard originally was 
that a DTE always be connected to a DCE. Today, all possi¬ 
ble connections are commonly used. 

A DTE should have a connector with male pins and a DCE 
should have a connector with female pins. Unfortunately, this 
is usually but not always true and therefore can not be used to 
determine the DCE/DTE nature of a connector. 


Although the gender of your remote serial port will suggest 
which kind of data equipment it is, if you have a DC voltme¬ 
ter, you can reliably determine its kind. (An RS-232 breakout 
box is even better than a voltmeter.) The trick is to measure 
the voltage (with respect to pin seven) on pins two and three 
of the DB-25 connector to determine which is the transmit 
pin. The transmit pin will have a negative level larger than 
four volts. The other pin will be the receive pin and it will 
have a voltage near zero. Referring to the table, if pin two is 
the transmit pin, then the port is DTE. If pin three is the trans¬ 
mit pin then the port is DCE. 

Having made this identification, you should be able use the 
table to specify the pinout of a cable that will work. How¬ 
ever, having made this identification, you may want to make 
some additional measurements which may allow you to 
apply some shortcuts described in the “Shortcuts” section 
below. 

Handshake Lines 

If your remote serial port does not implement handshake 
lines, you will be able to take some shortcuts described in the 
sections below. The handshake lines are listed in the table as 
RTS, CTS, DSR, CD, and DTR. RI is also a handshake line, 
but is of lesser importance here. 

The best way to determine how your remote port implements 
handshake lines is to read the documentation that you have 
about that port. This is important because some ports may 
allow you to disable these lines. If there is a way to disable 
them with a switch setting or with software, you should do 
so. 

If you can’t find information which specifies the implementa¬ 
tion of your remote port’s handshake lines, then you can find 
the information yourself using a DC voltmeter as was done in 
the last section, in this case, a voltmeter can be used to deter¬ 
mine whether some handshake lines on your remote port are 
actually driven or whether they are not connected. 

Measure the voltage with respect to pin seven on the six 
handshake pins on your remote port connector. If your port is 
DTE, then, if handshaking is implemented, one or both of the 
handshake pins marked with an asterisk (*) in the table will 
be driven to a positive or negative voltage level larger than 
four volts. If your port is DCE, then some of the handshake 
pins not marked with an asterisk will be driven if handshak¬ 
ing is implemented. 

If any pins are driven, then to be safe, you must conclude that 
some handshake lines are implemented. (Looking for input 
pins on a port by measuring their voltage is less useful. The 
expected lower voltages make the results harder to interpret.) 
If no handshake pins are driven, then you can be fairly confi¬ 
dent that your remote serial port does not implement any 
handshaking signals. If this is the case, then the shortcuts 
described below are available to you. 
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Shortcuts 

If you are sure that your remote serial device does not imple¬ 
ment any handshake lines or if you can disable them, then 
you have two shortcuts available that will make your serial 
link easier to complete. One is to reduce the number of con¬ 
ductors in your cable to only three. The other is to use a fea¬ 
ture of the AH 2500A which eliminates any need for a null 
modem. 

Eliminating Handshake Lines 

As discussed in “Controlling Data Flow’' on page 7-5, hand¬ 
shaking is an essential function in most serial data links. 
However, the use of hardware lines (as opposed to flow con¬ 
trol characters) to perform handshaking is unnecessary and 
undesirable in most modern RS-232 ports, including that of 
the AH 2500A. The reason is that an RS-232 serial link, 
using flow control characters, will work just as well without 
handshake lines. Eliminating the use of unnecessary hand¬ 
shake lines also removes the unnecessary complexity associ¬ 
ated with them. 

The shortcut that you can take here is to simply not make any 
connections to any of the handshake pins on either end of 
your cable. This is true even for the cable connections shown 
in Table 7-1. You only need to connect lines to pins two, three 
and seven on the bridge even though more lines may be listed 
in the table. This allows you to use a cable having only three 
conductors rather than eight. 

Alternatively, you also have the choice of using a cable that 
may have many more conductors than the three that you need 
without being concerned about how the unused conductors 
are connected. If pins two and three are properly handled as 
described in the next section below, this will allow using a 
straight-through 25 conductor cable. General purpose cables 
and especially ribbon cables often have all 25 pins con¬ 
nected. 

Be aware that it is important not to attempt the above short¬ 
cuts unless you are certain that the handshake lines on your 
remote serial device are not implemented. Using a cut-and- 
try approach here could be very troublesome because active 
handshake lines that are not properly connected can produce 
very intermittent symptoms. This is especially true of 
undriven lines that are connected to handshake inputs. Such 
lines will pick up noise that is then fed to the inputs. 

Swapping Transmit and Receive Data Lines 

If the handshake lines are not implemented on your remote 
device port, you can use any cable intended for RS-232 use 
between your AH 2500A and your remote serial device. The 
cable need only have mating connectors of the correct gen¬ 
der. It doesn’t matter whether the cable you choose is a 
straight-through or null modem type. This can be very handy 
if your serial link consists of a chain of several cables of 
uncertain identity or limited accessibility. The trick is that the 
AH 2500A has the ability to internally swap the transmit and 
receive data lines. 


When originally purchased, the bridge has the transmit and 
receive data lines configured as DTE. This default setting is 
stored as a one in the DTE bit in the BAUD 0 parameter file. 
The partial syntax of the BAUD command shown below can 
be used to change the DTE parameter bit: 

BAUD .DTE 

When the DTE parameter bit is zero, the bridge’s RS-232 
data lines will be configured as DCE (pin three transmits). 
When DTE is a one. the data lines will be configured as DTE 
(pin two transmits). The SHOW BAUD command will iden¬ 
tify the current setting of the DTE parameter bit. 

If you know whether your remote device is DTE or DCE and 
you know the configuration of the two data lines in each of 
the cables in whatever chain of cables connects the remote 
device to your bridge, then you have all the information 
needed to determine how to set the DTE parameter bit. If any 
of this information is missing, then you can again use a volt¬ 
meter to determine what the correct setting is for the DTE 
parameter bit. 

To do this, fully connect whatever cabling you intend to run 
between your bridge and your remote device but leave the 
female DR-25 cable end disconnected from your bridge. 
With your remote device powered on but not sending data, 
measure the voltage on pin two with respect to pin seven on 
this disconnected female connector. If the voltage is more 
negati ve than minus four volts, then the female connector is 
DTE so the DTE parameter bit must be set to a zero to make 
your bridge DCE-like. If pin two is instead near zero volts, 
then check that pin three relative to pin seven is more nega¬ 
tive than minus four volts. If so, then the DTE parameter bit 
must be set to a one to make your bridge DTE-like. 

If handshake lines were never an issue, the shortcut method 
of establishing a serial link described above would be nearly 
all you ever need. 

Be aware that if the AH 2500A is to be connected to a remote 
device with active handshake lines, all RS-232 lines on the 
serial port of the bridge must be configured as DTE. This 
means that the DIE parameter bit must be left set to its 
default state of one when active handshake lines are present 
in the remote port. 

Controlling Data Flow 

Some kind of handshaking scheme is required to control the 
flow of data between two serial devices. The AH 2500A uses 
the Control-S and Controi-Q, ASCII characters for regulating 
the flow of data between it and a remote device. The bridge 
sends a Control-S when it wants the flow of data being sent to 
it to stop and sends a Control-Q when the data is to resume. 
Similarly, the bridge will stop sending data when it receives a 
Control-S and will continue only after receiving a Control-Q. 
This is the most common method. 

The AH 2500A, as purchased, is configured to ignore hand¬ 
shake line signals. Specifically, it is not affected by signals on 
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the clear to send (CTS), data set ready (DSR), carrier detect 
(CD), and ring indicator (RI) lines. The bridge does, how¬ 
ever, dri ve the request to send (RTS) and data terminal ready 
(DTR) lines so as to keep them constantly enabled. This 
approach should minimize trouble from remote device ports 
that implement handshake lines but don’t use them for data 
flow control. 

Some remote devices may try to use the handshake lines 
(probably RTS/CTS) to control the flow of data. All of the 
discussion in all the sections above assumes that no RS-232 
handshake lines are used for data flow control. The connec¬ 
tions described above will not function this way because the 
bridge will not monitor these handshake signals. Any remote 
device connected to the AH 2500A must use the Control-S 
and Control-Q characters for data flow control. Otherwise, 
the baud rate will have to be set very low. 

If a remote device requires that handshake lines be used for 
data flow control, then the AH 2500A has internal jumper 
options that may solve such handshake line problems. Con¬ 
sult the factory if you need a handshake line feature not avail¬ 
able with the standard jumper configuration. 

20 mA Current-Loop Operation 

Current-loop operation is sometimes used in preference to 
RS-232 for use in noisy environments such as factories. The 
receiving circuit in the AH 2500A is optically-isolated and 
thus has very high noise immunity. If the receiver on the 
remote device is also opto-isolated, then the overall circuit 
should have excellent noise immunity. 

Current-loop operation functions identically to a three-wire 
RS-232 configuration except for the voltage/current levels 
employed and the connector pinout on the AH 2500A. See 
Chapter 3 of Reference 10 for a good discussion of 20 mA 
current loops. 

Pinout 

Current-loop operation requires a pair of conductors to trans¬ 
mit a signal and another pair to receive a signal. These two 
pairs should be connected to pins on the RS-232/20 mA 
SERIAL PORT on the back of the bridge as shown below: 

Pin 9 Positive Receive Line 

Pin 11 Negative Receive Line 

Pin 18 Positive Transmit Line 

Pin 25 Negative Transmit Line 

In this case, “positive” is used to mean that the voltage on the 
positive line is more positive than the voltage on the other 
line of this pair labeled “negative”. It is likely that both volt¬ 
ages on both pairs of conductors are positive with respect to 
the bridge’s ground. 


Powered/Unpowered Receiver Selection 

Some current-loop interfaces use the transmitting end to pro¬ 
vide current to the interface loop; others use the receiving 
end. The AH 2500A always supplies current to the interface 
loop through its transmitting circuit. When originally pur¬ 
chased, the bridge is configured to provide no current to the 
loop through its receiver. A change of jumpers can configure 
the receiver to provide current to the loop, but this will defeat 
the isolation provided by the opto-isolator. 

If you need to reconfigure the jumpers, you must remove the 
top cover of the bridge to gain access to the processor PC 
board. This is described in “Removal and Installation of Cov¬ 
ers” on page 12-3. With the help of the assembly drawing 
Figure F~8 on page F-24, locate JP311 in the lower right cor¬ 
ner. This is a six pin header which should always have three 
jumpers on it. As originally purchased, there are jumpers 
bridging pins two and three and pins four and five. Pin six 
holds a jumper as a storage location. Since the location of 
these jumpers is symmetric, the pin numbering of JP311 can 
be counted from either end of the header. To change these 
jumpers so that the receiver will provide current to the loop, 
move the jumpers so that they bridge pins one and two, three 
and four, and five and six. 

SERIAL COMMUNICATION 
PARAMETERS 

A number of variables such as baud rate, parity, number of 
stop bits and others, must be set to conform to the settings of 
the corresponding variables in your remote device. Funda¬ 
mental variables such as these which directly affect the abil¬ 
ity of the serial link to communicate are called communi¬ 
cation parameters. This section explains the function of each 
communication parameter, states the default value of each 
parameter as stored in the BAUD 0 parameter file, and 
explains how to set and permanently save each one. 

Setting the Serial Parameters 

The BAUD command is used to set all the serial communica¬ 
tion parameters. The BAUD command can be entered from 
the front panel or from a remote device using the following 
full syntax; 

BAU D rate . DTE. parity. length. stop. fill. echo 

The full BAUD command uses seven parameters which are 
described in the sections below. Each time the BAUD com¬ 
mand is entered, it can be followed by any combination of its 
parameters provided that place-holder periods are entered 
and that the order is preserved. As an example, the entry 
BAUD ..1.8,.4 specifies odd parity, an 8 bit character, 
and 4 fill characters with the other four parameters left 
unchanged. See “Positional Parameters” on page A-1 for 
more information about this method of parameter entry. 
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The communication parameters can be changed from the 
serial, port, but the changes take effect immediately so you 
must be able to change the communication parameters of the 
remote device at the same time if the communication link is 
not to be interrupted. 

Once the serial link has been correctly established, sending a 
carriage return character from the remote device should 
cause the bridge to send the character sequence “CR, LF, >”, 
which should cause a “>” prompt to appear on the remote 
device. 

Baud Rate 

The rate is the rate in bits per second at which the data is sent 
and received. This can be selected using the following partial 
syntax: 

BAUD rate 

The rate can have one of the following values: 50, 75, 110, 
135, 150, 300, 600, 1200, 1800, 2400, 3600, 4800, 7200 or 
9600 with 9600 being the default. All digits of the desired 
value must be entered even though only the first two digits 
are reported by the SHOW command. 

DTE 

The DTE parameter bit is explained in detail in “Swapping 
Transmit and Receive Data Lines” on page 7-5. The partial 
syntax of the BAUD command shown below can be used to 
change the DTE parameter bit: 

BAUD . DTE 

When the DTE parameter bit is zero, the bridge’s RS-232 
data lines will be configured as DCE (pin three transmits). 
When DTE is a one, the data lines will be configured as DTE 
(pin two transmits). 

Parity 

The parity parameter bit controls whether a parity bit is sent 
as part of the serial data byte or not. Parity is not tested when 
characters are received no matter how the parity parameter 
bit is set. The parity parameter bit can be changed with the 
command syntax: 

BAUD ..parity 

The parity parameter bit can be set to no parity, odd parity or 
even parity using the digits 0, 1 or 2, respectively. The default 
is zero for no pari ty. 


Character Length 

The length parameter determines the number of bits in each 
serial data byte. This can be selected using the following par¬ 
tial command syntax: 

BAUD ... length 

The length parameter can be 7 or 8 bits with the default 
being 8. 

Stop Bits 

The stop parameter is the number of serial bits sent at the end 
of each serial byte. This can be selected using the following 
partial command syntax: 

BAUD .... stop 

The stop parameter can be 1, or 2. A one always indicates 1 
stop bit. A two indicates 1 stop bit if the word length is 8 with 
parity selected, and 2 stop bits in all other configurations. 

The default is 1. 

Fill Characters 

Some older, unbuffered printers need extra time at the end of 
each line for the carnage to return. Sending empty characters 
at the end of each line can provide this extra time. The fill 
parameter determines the number of fill characters (nulls) 
sent following each CR, LF character combination. The num¬ 
ber of fill characters can be selected using the following par¬ 
tial command syntax: 

BAUD .....fill 

The fill parameter can range from 0 to 9 with the default 
being 0. 

Command Echoing 

You may choose whether or not to have commands echoed to 
remote serial devices. The echo parameter determines 
whether characters entered on a serial device are echoed by 
the AH 2500A back to that device. 

If data acquisition is being controlled by a computer, com¬ 
mand echoing is normally disabled since a computer typi¬ 
cally has little use for the echoed characters. If you are 
working interactively with the bridge, it is important to be 
able to see the commands that have been typed in. Since lack 
of echoing effectively disables all interactive communica¬ 
tion, it should always be enabled for human interactions, but 
it makes computer data acquisition easier if it is disabled. 

When the remote device is a half-duplex serial device, the 
device itself will probably echo the commands. For half¬ 
duplex devices, echoing should be disabled, otherwise dou¬ 
ble characters may occur. 
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If the remote device is a full-duplex terminal then echoing 
should be enabled. 

If command echoing is unknowingly disabled, it may give 
you the impression that the bridge or the remote device is not 
working. To test for this, you can type a return character on 
the remote keyboard. If command echoing is not disabled, a 
prompt “>” will be printed at the beginning of the line indi¬ 
cating that the remote device is receiving characters and the 
bridge is ready to receive a command. If nothing is printed, 
the SHOW command should be entered at the remote key¬ 
board followed by a carnage return even though the charac¬ 
ters you enter are not echoed and therefore you do not see 
them. The SHOW command will be accepted when echoing 
is disabled even though no direct evidence in the form of a 
response on the screen or printer will appear. If the serial link 
is working, then several lines will be printed since the 
SHOW command always prints something. 

The partial syntax of the BAUD command shown below can 
be used to change the echo parameter bit: 

BAUD . echo 

When the echo parameter bit is set to one, command echoing 
is enabled. When echo is set to zero, echoing is disabled. The 
echo parameter is set to one as the default so that echoing is 
enabled. 

First-Time Serial Link Operation 

If you have connected a cable between your AH 2500A and 
your remote serial device, and have set all the communica¬ 
tion parameters with the BAUD command, you tire now 
ready to try to operate the bridge from your remote serial 
device. If your serial device is a dumb video terminal or 
printing terminal, you can simply press the RETURN key 
and expect to see a prompt (>) printed at the beginning of a 
line on the terminal. Once you see the prompt, you can enter 
any of the AH 2500A commands that you are familiar with 
and expect to see the corresponding results. 

If your serial device is actually a computer, then you have 
additional things to set. Usually, in addition to setting the 
communication parameters of your computer’s serial port, 
you will also have to run a program that makes your com¬ 
puter “look” like a dumb terminal. There are many commer¬ 
cially available programs that will perform this function for 
you. If you connect your computer to a modem to access a 
remote service, the program that makes that connection work 
will probably also make your computer “talk” to your AH 
2500A. In fact, the bridge could be run at the far end of a 
modem link using your computer in exactly the same config¬ 
uration as used to access a remote service. 



All the parameters discussed in this chapter are stored in the 
Baud parameter set type. This set type contains all the param¬ 
eters that are used in conjunction with the serial remote 
device port. An overview of this parameter set type is given 
in Chapter 3, “Parameter and Program Files” in the section 
titled “Baud Parameter Set” on page 3-6. 

To permanently save all of the parameters related to operat¬ 
ing the remote serial device in a way that will automatically 
restore them after power-on of your bridge, simply issue the 
command iFUNC] |STORE] iFUNCj [BAUD] fT] [ENTER] from 
the front panel. 

To better understand the ways in which you can save your 
serial device parameters, refer to “WORKING WITH FILE 
CONTENTS” on page 3-9 and especially “PARAMETER 
SET INITIALIZATION” on page 3-10. 

REMOTE COMMAND ENTRY 

The entry of commands from a remote serial device is identi¬ 
cal to that on a GPIB controller except that most of the imme¬ 
diate-action keys described later in this section are not 
directly executable from a GPIB controller's keyboard with¬ 
out special programming of the controller. GPIB controllers 
also have their own methods of correcting typing errors. 

All of the discussion in this section applies if your remote 
serial device is a dumb terminal or some other device that 
behaves like a dumb terminal. Computers may be config¬ 
urable to be “dumb” or “smart”. If you are using a computer 
that is configured to be smart, it may have its own methods 
for editing keyboard input and may only be able to send 
serial results in the form of whole lines. If so, this will put 
you in the same position as if you were operating a GPIB 
controller. The immediate-action keys described below will 
not be readily executable and the section about “Correcting 
Typing Errors” will not be useful. 

A dumb terminal configuration is preferable unless the alter¬ 
native has obvious and significant advantages. 

Basic Syntax 

The command line entry style used by the AH 2500A will be 
familiar if you have used small computers or terminals. The 
syntax and command words used also closely parallel those 
used by the bridge’s front panel. The AH 2500A command 
definition syntax is described in “CONVENTIONS USED” 
on page A-l. 
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Commands consist of a leading command word followed by 
optional command qualifier words followed by optional 
parameters which tire usually numeric and ended with a car¬ 
riage return character. Only two special commands described 
below require no termination character. The carriage return 
character (CR) is entered by pressing the RETURN or 
ENTER key on the keyboard of the remote serial device. 

The bridge does not act on command lines until it receives a 
carriage return. This allows you to edit commands before ter¬ 
minating the command line. This editing is described in 
detail in “Correcting Typing Errors” below. 

Command Word Entry 

Since remote commands are named and spelled as they 
appear on the front panel, any commands described in this 
manual using key labels also describe the remote commands. 
When the front panel key label consists of two words, only 
the first word is used as the remote command word with the 
exception of the BIAS command. The I'fUNC'1 key has no 
equivalent on remote devices, of course. 

Although commands are English words, it is rarely necessary 
to type the entire word. You need to type only the first few 
letters of the command. The minimum number of letters 
needed depends on the particular command and ranges from 
one to three letters. The minimum letters needed are under¬ 
lined where each command is introduced in the text and in 
Appendix A, “Command Reference”. If you do not type in 
enough letters, the bridge responds with the message 
AMBIGUOUS M 0 R D :, followed by the offending characters 
that were entered. If more letters than the required minimum 
are entered, they must spell the command word correctly or 
the eiTor message ILLEGAL WORD; will appear, followed 
by the illegal word that was entered. 

Command words are separated from each other and from 
their associated parameters by spaces. Parameters are sepa¬ 
rated from each other by periods. 

Immediate-Action Keys 

A RETURN must terminate all command lines from the 
serial port with only two exceptions. The front panel has sev¬ 
eral immediate-action keys. The immediate-action function 
of two of these is duplicated on remote serial devices. These 
front panel keys are the SINGLE and STEP keys. These 
same command words can be entered from a remote device, 
but they will require termination with the RETURN key. This 
multiple-key sequence defeats the desired immediate-action 
effect. As a result, two single character commands are avail¬ 
able on remote serial devices. These are Q and X which per¬ 
form the same function in a single keystroke as the SINGLE 
and STEP commands, respectively. 


Examples 

To illustrate the ideas above, consider the BRIGHTNESS 
command whose syntax is: 

BRIGHTNESS [£AP or LOSS] level 

Several examples of valid command lines that might be 
entered from a remote terminal are: 

BRIGHT CAP 5 

BR C 5 

BRIG L 5 

BR 5 

All are terminated by a RETURN. 

The entry B 5 will return the error message: 

AMBIGUOUS WORD: B 

The entry BR IHGT 5 will return the error message: 
ILLEGRL WORD: BRIHGT 

Additional Features 

Entering Multiple Commands 

Several commands can be entered on the same line separated 
by semicolons (;). As with indi vidual commands, lines hav¬ 
ing multiple commands are not executed until a RETURN is 
received. An immediate-action command such as Q or X can 
be entered anywhere on a multi-command line except as the 
first character and will not be executed until the whole line is 
received. 

Multi-command lines can be useful with commands that 
respond with a prompt. For example, every version of the 
STORE CALIBRATE command prompts for a passcode. 
The passcode can be entered after the command on the same 
line if the two are separated by a semicolon. Except for pass- 
codes, any command that requires a response to a prompt 
will first check die next command on die line. If the next 
command is an acceptable response to the prompt then it will 
be used. If not, the next command will not be executed yet. 
Instead, the prompt will be produced and the bridge will wait 
for input. If you want to guarantee that a prompt is generated, 
insert the EDIT command word where die answer to the 
prompt would go on the command line. 

Multi-command lines can also be used to guarantee that a 
command produces a result. The TEST command can be 
configured to produce no result unless a failure is delected. 
However, the command line TEST; SHOW TEST will 
always produce a result. 
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Inserting Comments 

When commands are being printed or recorded, it may be 
desirable to insert comments between the command lines. 
This is done by starting a line with a percent (%) character. 
Text or other non-control characters following the percent 
character are ignored until a RETURN is entered. 

Query Commands 

All AH 2500A commands can be classified as query or non¬ 
query commands. A query command is one that generates a 
response message such as a measurement result. The most 
common examples of these on the AH 2500A are the SIN¬ 
GLE, CONTINUOUS and SHOW commands. If a query 
command is interrupted by a new command, the query com¬ 
mand is immediately aborted and the new command begins 
to execute. See “Aborting Commands” on page 2-6. 

A non-query command will finish executing even if it is 
interrupted by a new command. The new command will be 
executed after execution of the non-query command is com¬ 
plete. 

Each command line is either a query line or a non-query line. 
If a multi-command line contains any query commands, the 
whole command line is considered to be a query line. It will 
not be possible to predict which commands were executed 
and which were not if a query command line is interrupted by 
new command. 

Input Buffer 

All command messages are stored in the bridge in an input 
buffer that can hold eighty characters. This means that the 
bridge will not buffer more than eighty characters ahead of 
what it is able to process. In addition, it will not accept a 
command line whose total length exceeds eighty characters. 
If the latter occurs, the error message LINE TOO L 0 N G will 
be reported. 

Correcting Typing Errors 

The AH 2500A offers several of the most common ways of 
correcting typing errors during keyboard entry. You have the 
option of selecting the ways that work best with your remote 
device. The options given below assume that your remote 
serial device behaves like a dumb terminal. 

Customizing the Editing Keys 

To accommodate the wide variety of serial remote devices 
that might be used with the AH 2500A, the bridge allows you 
to define which keys or control characters are used to per¬ 
form editing. This is done from the remote device using the 
DEFINE command after your serial link is properly func¬ 
tioning. 


Any characters may be used for these functions except for 
Control- A ( A A), CR, LF, Control-Q ( A Q), Control-S ( A S) and 
the current erase and delete keys. 

The characters that can be changed with the DEFINE com¬ 
mand can be shown with the SHOW DEFINE command. 
This command is not available from the front panel and the 
defined characters will not appear in the list of Baud parame¬ 
ters when the list is shown on the front panel. 

Defining a Key to Delete Characters 

The delete key deletes the last character typed and can be 
used as many times as needed to delete all the way back to 
the beginning of the line that you are entering. 

The default key (stored in the BAUD 0 parameter file) which 
one must press to delete the character just entered is the 
DELETE (or RUBOUT) key. This is the key which produces 
a character with the ASCII hexadecimal code 7F. If your key¬ 
board cannot generate this code, then you can choose some 
other code with the command: 

DEFINE DELETE delchar 


The delchar parameter may be entered in one of three ways. 
It may be entered directly by simply pressing the desired 
delete key. If it is to be a control key, it may be entered as the 
corresponding letter preceded by an up arrow ( A ). Finally, it 
may be entered as the word DEL ETE if it is to be the ASCII 
delete character. 

For example, DEF DEL Y would define Y as the delete key. 
The command DEF D ""'Y would define Control-Y as the 
delete key, where “ A ” and “Y” were entered explicitly. To 
restore the delete ( or RUBOUT) key to its original default 
function the actual delete character may be typed in or 
entered as the word DEL ETE. You could type 
D E F D E L DEL to do this. 

Selecting Delete Key Behavior 

The default handling of the DELETE key will work on a 
printer or video terminal. When the DELETE key is pressed, 
a backslash (\) is printed followed by the character that was 
deleted. If the DELETE key is pressed again, only the deleted 
character is printed. This continues until the next character to 
be entered is typed which causes a second backslash to be 
printed. Thus the deleted characters appear in reverse order 
within the backslashes. For example: CORRECSHUN\NUH- 
S \ T 1 0 N . After the N was typed the DELETE key was 
pressed four times followed by TI ON. Obviously, this 
scheme does not take advantage of a video screen's ability to 
overwrite a character and thus there are better techniques if 
you use a video screen. 
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To change the DELETE handling between use with a video 
terminal and use with a printer, enter the command: 

DEFINE TERMINAL termtype 

The termtype parameter is entered as either VIDEO or 
PRINTER depending on which kind of device is connected 
to the serial port. The default is PRINTER. 

If VIDEO is selected, it may be necessary to redefine the 
backspace character using the command: 

DEFINE BACKSPACE bockspchar 

where the backspchar parameter is the code that causes the 
cursor on your video terminal to be backspaced by one char¬ 
acter position. The default backspchar stored in the B AUD 0 
parameter file is Control-H ( A H). 

The backspchar parameter may be entered in one of three 
ways. It may be entered directly by simply pressing the key 
which produces the desired backspace code. If it is to be a 
control key, it may be entered as the corresponding letter pre¬ 
ceded by an up arrow ( A ). Finally, it may be entered as the 
word DEL ETE if it is to be the ASCII delete character. 

The character that you enter must cause the cursor to move 
left by one place. When the bridge receives a DELETE key 
code, it will send the sequence backspace-space-backspace 
which backs the cursor over the character to be deleted, 
writes a space over it, and finally positions the cursor under 
the space that was written. 

Erasing Lines 

Pressing the ERASE key causes the contents of the entire 
current line except for the prompt character to be deleted. 
The default character used to delete the current command 
line is Control-U ( A U). If this is not acceptable then you can 
redefine the erase character with the command: 

DEF INE ERASE erasechar 

The erasechar parameter may be entered in one of three 
ways. It may be entered directly by simply pressing the 
desired erase key. If it is to be a control key, it may be entered 
as the corresponding letter preceded by an up arrow ( A ). 
Finally, it may be entered as the word DEL ETE if it is to be 
the ASCII delete character. 

Aborting Command Execution 

The execution of any command or program may be aborted 
from the serial port with the DEVICE CLEAR command. 
The default character (stored in the BAUD 0 parameter file) 
that is used to issue the DEVICE CLEAR command is Con- 
trol-E ( A E). If this is not acceptable then you can redefine this 
character with the command: 

DEF INE DC L devclrchar 


The devclrchar parameter may be entered in one of three 
ways. It may be entered directly by simply pressing the 
desired key. If it is to be a control key, it may be entered as 
the corresponding letter preceded by an up arrow ( A ). Finally, 
it may be entered as the word DEL ETE if it is to be the 
ASCII delete character. 

The DEVICE CLEAR command is not needed to abort 
query commands since entry of any command will abort a 
query command. However, the DEVICE CLEAR command 
is the only way to prematurely abort non-query commands 
such as HOLD or CALIBRATE from the serial port. The 
serial port A E command has exactly the same effect as the 
1'FUNCl | CLEAR 1 [funcI I clear I front panel key sequence and 
the GPIB DCL command. 

LIMITING FRONT PANEL ACCESS 

The AH 2500A can be set to limit the ability to enter com¬ 
mands from the bridge’s front panel keypad. This can be 
important if your remote serial device is taking data and you 
want to prevent anyone from disturbing your measurements 
by pressing keys on the bridge’s keypad. 

Serial Control States 

The bridge operates in one of four serial control states which 
determine the degree of front panel access. These states dis¬ 
cussed below are applicable only to serial operation. The 
GPIB interface has fully analogous capabilities in the form of 
its own set of REMOTE/LOCAL and LOCKOUT features. 

Serial Local State 

In the Serial Local State, the bridge will accept all commands 
that tire entered from either the front panel keypad or from a 
remote serial device. In this state, the front panel keypad and 
the remote serial device can be thought of as both having 
simultaneous control over the bridge. The Serial Local State 
(without lockout) is stored as the default in the BAUD 0 
parameter file. 

Serial Remote State 

In the Serial Remote State, the bridge will accept all com¬ 
mands that are entered from a remote serial device but will 
ignore all attempted command entries from the front panel 
keypad except for one. That one is the [LOCALj key. The front 
panel display will continue to be updated with whatever the 
bridge is measuring. 

The REMOTE indicator on the front panel is illuminated 
while the bridge is in the Serial Remote State. 
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Serial Remote State with Lockout 

In the Serial Remote with Lockout State, the bridge will 
accept all commands that are entered from a remote serial 
device but will ignore all attempted command entries from 
the front panel keypad with no exceptions. Even the |LOCALl 
key is ignored. If the [locaQ key is pressed, the front panel 
display will show: 


( L Q[RL ] 

[ L qc oui: 

indicating that there is currently no way to establish opera¬ 
tion of the bridge from the front panel. 

Serial Local State with Lockout 

The Serial Local State with Lockout is operationally identical 
to the Serial Local State in all respects. The only distinction 
between the two states is that the serial lockout parameter is 
enabled in the Serial Local State with Lockout and is dis¬ 
abled in the Serial Local State. There is no observable effect 
from these differences until one of the serial remote states is 
entered. 

Selecting the Serial Control States 

The commands introduced in the four sections below are 
used to select the Remote/Local and the Lockout states. 

Selecting the Serial Remote States 

The Serial Remote State and the Serial Remote State with. 
Lockout are selected using the command: 

NREMOTE 

This command (NetworkREMOTE) can be entered from the 
remote serial device, but not from the front panel. If the 
NREMOTE command is issued when the bridge is in the 
Serial Local State, the Serial Remote State will be entered. If 
the NREMOTE command is issued when the bridge is in the 
Serial Local State with Lockout, the Serial Remote State with 
Lockout will be entered. Notice that the effect of this latter 
situation is that the bridge will go from totally unrestricted 
local behavior to being fully locked out from the front panel; 
the Serial Remote State is bypassed. 

Selecting the Serial Local States 

The Serial Local State and the Serial Local State with Lock¬ 
out are selected using the command: 

LOCAL 

If the bridge is in the Serial Remote State, this command can 
be entered from the remote serial device and from the front 
panel. When entered from the front panel, the | LOCAL | key 
has an immediate effect; the |enter| key does not need to be 
pressed. If the LOCAL command is issued when the bridge is 
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in the Serial Remote State, the Serial Local State will be 
entered. 

If the bridge is in the Serial Remote State with Lockout, this 
command can be entered only from the remote serial device 
because front panel entry of all commands is locked out in 
this state. If the LOCAL command is issued when the bridge 
is in the Serial Remote State with Lockout, the Serial Local 
State with Lockout will be entered. 

Setting the Serial Lockout States 

The Serial Remote State with Lockout and the Serial Local 
State with Lockout are selected using the command: 

NLOCKOUT 

This command (NetworkLOCKOUT) can be entered from 
the remote serial device, but not from the front panel. If the 
NLOCKOUT command is issued when the bridge is in the 
Serial Remote State, the Serial Remote State with Lockout 
will be entered. If the NLOCKOUT command is issued when 
the bridge is in the Serial Local State, the Serial Local State 
with Lockout will be entered. 

Clearing the Serial Lockout States 

The Serial Remote State and the Serial Local State are 
selected using the command: 

NLOCKOUT HALT 

This command can be entered from the remote serial device, 
but not from the front panel. If the NLOCKOUT HALT com¬ 
mand is issued when the bridge is in the Serial Remote State 
with Lockout, the Serial. Remote State will be entered. If the 
NLOCKOUT HALT command is issued when the bridge is 
in the Serial Local. State with Lockout, the Serial Local State 
will be entered. 

Saving and Showing the Serial States 

The serial control states are saved as part of the Baud param¬ 
eter sets. The Remote and Lockout state parameters can be 
determined using the SHOW NREMOTE and SHOW 
NLOCKOUT commands. The remote state parameter is a 1 
when the bridge is in the Serial Remote State or the Serial 
Remote State with Lockout. Similarly, the lockout state 
parameter is a 1 when the bridge is in the Serial Remote State 
with Lockout or the Serial Local Shite with Lockout. 

Because these states can be permanently stored, they can also 
be automatically recalled during power-on. This makes it 
possible to set the BAUD 1 parameter file so that the front 
panel is always disabled after power-on. Be aware that the 
only way to restore front panel access is through a remote 
device or via a special maintenance procedure described in 
Table 11-2 on page 11-3. 
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Power-on lockout can be useful even when the bridge is not 
connected to any remote device. The bridge can be config¬ 
ured to automatically run a dedicated program continuously 
after power-on with the front panel locked out. A remote 
device would be required for setup, but not for operation. 


SERIAL DATA LOGGING 


The AH 2500A can send all commands that are entered and 
all measurement data that is initiated from the front panel to 
the serial port. This allows you to keep a log of some or all 
bridge activity by connecting a serial printer or other serial 
logging device (logger) to the serial port. 

The capture speed of the logger must be high enough to 
receive all the data at the baud rate at which it is sent. Other¬ 
wise, the baud rate must be reduced or the logger must use 
the Control-S and Control-Q handshaking characters to syn¬ 
chronize the data flow between the bridge and the logger. 
Low data transmission rates to the logger may cause the front 
panel display rate to be slower also. The effect can be very 
noticeable at low baud rates. Extraneous Control-S charac¬ 
ters coming into the serial port when logging is enabled can 
cause the bridge to hang indefinitely until it receives a Con¬ 
trol-Q character. 


Enabling/Disabling Serial Logging 

Logging to the serial port is enabled and disabled with the 
following command: 

LOG GER BAU D content 


The content parameter controls what, if anything, is logged to 
the serial port. The allowable values of the content parameter 
and the corresponding messages sent are listed in Table 7-2. 


Table 

7-2 Content parameter values 

Content 

Messages Sent to Logger 

0 

None (logging is disabled) 

1 

Measurement results only 

2 

All results (measurement and show) 

3 

All commands and all results 


This table is identical to the corresponding GP1B Table 6-2 
on page 6-15. The default content parameter stored in the 
BAUD 0 parameter file is zero so that logging to a remote 
serial device is disabled. 
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Chapter 8 


Advanced Measurements 


This chapter introduces concepts which will help you inter¬ 
pret the meaning of your three-terminal measurements. Sev¬ 
eral additional commands are introduced here in case you 
need the ultimate in accurate measurements. The discussions 
here assume you are familiar with the AH 2500A, 

The equations used in this chapter assume that you are famil¬ 
iar with how to apply complex algebra to network calcula¬ 
tions. This turns out to be much easier than it might look at 
first. If you need help, there are literally hundreds of books 
that discuss basic theory. Reference 8 in the bibliography has 
some good theoretical discussions including wye-delta trans¬ 
formations on p. 195. Chapter 9 of this reference also has an 
interesting discussion of capacitors and capacitance. 


INTERPRETING MEASUREMENT 
RESULTS 

Sometimes it is desirable to convert raw measurement results 
from the AH 2500A to another form. A different form may 
better model the unknown sample (as in the case of series 
versus parallel configurations), or it may simply make a 
physical process more comprehensible (as in the case of neg¬ 
ative capacitances and conductances). 

Trusting the Results 

Obviously, there is no point performing complicated calcula¬ 
tions on measurement results unless they are meaningful. In 
particular, some users are surprised when they discover that 
the AH 2500A capacitance result really reads capacitance 
and the loss result really reads loss. There seems to be a ten¬ 
dency to not expect the bridge to be capable of truly separat¬ 
ing the capacitance result from the loss result. In fact, it does 
this very well to the limit of its specifications. The bridge can 
almost be thought of as two distinct instruments, one that 
measures capacitance and one that measures loss. 

The practical effect of this is that the bridge is very good at 
isolating the capacitive contributions of an unknown imped¬ 
ance from the loss contributions. Obviously, this is essential 
for understanding complicated unknown impedances, but it 
can also be a big help with diagnosing transducer and cable 
problems. You may only be interested in measuring the 
capacitance, for example, but if you are having a problem, it 
may be the loss reading that holds the answer! Even if your 
interest is only in the capacitance, monitoring the loss for any 
unexplained changes will give you increased confidence in 
your capacitance results. 


In most cases, a change in your capacitance reading is a 
result of a change in the capacitance or inductance of your' 
unknown impedance or of its connecting cables. A problem 
with stray capacitance is a common possibility. 

In most cases, a change in your loss reading is a result of a 
change in the dielectric loss or resistance of your unknown 
impedance or of its connecting cables. A problem with bad 
connections is a common possibility. 

There are ways in which a change in dielectric loss or resis¬ 
tance can cause a change in the capacitance reading. There 
are also ways in which a change in capacitance or inductance 
can cause a change in the loss reading. The existence of such 
interactions implies a complicated unknown impedance or 
possibly a connecting cable problem. Understanding the the¬ 
oretical basis of these interactions is the subject of the next 
section. 

WYE-DELTA TRANSFORMATIONS 

The three-terminal measurement method used by the AH 
2500A allows one to use wye-delta transformations to gain a 
better understanding of certain impedance configurations. 

Suppose that the circuit of Figure 4-2 on page 4-3 is general¬ 
ized so that the three capacitors are replaced with admit¬ 
tances as shown in Figure 8-1. It is possible to convert 
between this delta network and the one shown in Figure 8-2 
which is a wye network using the equations below: 



y _ Y H Y L 

HL y h+ y l + y g 

Eq. 8-1 


Y - Y H Y G 

HG y h+ y l + y g 

Eq. 8-2 


Y Y L Y G 

“ V'i'r^c 

Eq. 8-3 

Y = 

y hl y hg + y hl y lg + y hg y lg 

Eq. 8-4 

1 H 

y lg 

y l = 

Y HL Y HG + Y HL Y LG + Y HG Y LG 

Eq. 8-5 

y hg 

V G = 

y hl y hg +y hl y lg + y hg y lg 

Eq. 8-6 

y hl 
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be in making performance and calibration checks of the 
bridge. 



Figure 8-1 Delta network 


Y H Y l 



Interpretation of Negative Capacitance 

The AH 2500A is capable of displaying negative capacitance 
and loss for values up to 10% of the corresponding full scale 
positive values. Negative values, particularly negative loss 
values, are not expected to be seen with most impedance 
measurements. However, negative values may be encoun¬ 
tered more often than you might expect. They are as mean¬ 
ingful as positive values and can be useful if you understand 
them. 

Negative capacitance values can be interpreted in two ways. 
The common interpretation is simply that a negative capaci¬ 
tance is an inductance. This assumes that the capacitive reac¬ 
tance and the inductive reactance are equal, that is: 


j(oL = 


1 

j&C 


Eq. 8-9 


where L is the inductance, j is the square root of -1 and co is 
2k times the frequency. This reduces to: 


Figure 8-2 Wye network 



Eq. 8-10 


This transformation is very powerful because three-terminal 
measurements are fundamentally of the delta variety whereas 
real unknown samples are sometimes of the wye variety. The 
AH 2500A measures Y HL only, while excluding Y HG and 
Y L q- contrast, some samples behave like they are con¬ 
nected in a wye network and can only be understood that 
way. 

As an example, suppose that a wye network consists only of 
resistors so that: 

% « y g and r u » * f - 1 E< i- 8 ~ 7 

By applying Eq. 8-1: 


ML 


R(2R g + R) 


Eq. 8-8 


and shows that the more negative the capacitance, the smaller 
the inductance will be. Since the largest negative capacitance 
the AH 2500A can measure is -0.12 p.F, the smallest induc¬ 
tance that could be measured is 0.21 henries. While induc¬ 
tances of this size are commonly made, they are near the 
upper limit of manufacturability. They are far beyond any¬ 
thing that could be considered to be a stray circuit induc¬ 
tance. This means that any negative capacitances that are 
measured by the AH 2500A should not be interpreted as 
inductances unless a large inductance has been explicitly 
included in the unknown sample. See “INDUCTANCE 
MEASUREMENTS” on page 8-8 for a discussion about 
measuring real inductors. 

The second interpretation of negative capacitance (and of 
negative loss) requires the use of wye-delta transformations. 
Consider the circuit in Figure 8-3. 


Suppose further that R = 1 megohm and that R G = 1 ohm. 
This gives Y HL = 10 12 ohms (1 teraohm). This demonstrates 
that by starting with some readily available resistor values, 
one can construct a wye network which, when measured by 
the AH 2500A, will appear to be a resistor far larger than is 
commonly available. Since the AH 2500A can measure 
extremely large resistances, one use of wye networks could 


R 

h y —VWV 


R 

f—WV\/-< L 
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Figure 8-3 RCR wye network 
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Two resistors R which are in series have their center point 
tied to ground through a capacitor C. Eq. 8-1 may be used to 
calculate the admittance that this network would present to 
the H and L terminals of the bridge. The result is: 



Now consider a second case using the circuit in Figure 8-5. 
Two capacitors C which are in series have their center point 



i- Jac 

4 + 0) 2 C 2 R 2 


Eq. 8-11 


The real (conductance) term is positive in this result while 
the imaginary (capacitive susceptance) term is negative. For 
normal resistors and capacitors the conductance and suscep¬ 
tance tire both positive. For this to be true, R must be positive 
and C must be negative. Since R and C are what the bridge 
measures, we have found a simple network which produces 
negative capacitance readings for all positive values of R and 
C! 


c c 



Figure 8-5 CRC wye network 


tied to ground through a resistor R. Eq. 8-1 can again be used 
to calculate the admittance that this network would present to 
the H and L terminals of the bridge. The result is: 


Actual Situations 

Although this network has been analyzed as a lumped circuit, 
it is representative of any resistor which has a distributed 
capacitance to ground. Since most resistors have some capac¬ 
itance to ground, this effect would seem to be quite common. -. 
However, the calculation did not allow for any shunt capaci¬ 
tance between the H and L terminals or for any capacitance 
shunting the resistors. Such shunting capacitances will have a 
positive contribution and will often overwhelm the negative 
effect in a real resistor. Therefore, details in the stray capaci¬ 
tances of the unknown sample will ultimately determine 
whether the measured capacitance is positive or negative. An 
example of a configuration which will produce a negative 
capacitance is that of an ordinary resistor whose body passes 
through a closely fitting hole in a grounded plane such as that 
shown in Figure 8-4. The stray capacitance across the resistor 
can be made nearly zero by choosing the correct hole diame¬ 
ter. 



Figure 8-4 Resistor through a grounded plane 


-ft) 2 C 2 i? + 2j/? 2 0) 3 C 3 
1+4 R WC 2 


Eq. 8-12 


The real (conductance) term is negative in this result while 
the imaginary (capacitive susceptance) term is positive. For 
normal resistors and capacitors, the conductance and suscep¬ 
tance are both positive. This leads to the conclusion that R 
must be negative and C must be positi ve in this equation. 
Since R and C are what the bridge actually measures, we 
have found a simple network which produces negative loss 
readings for all positive values of R and C. 


H 



Figure 8-6 Shielded capacitor showing CRC network 
formed by stray capacitances to nearby lossy material 
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Actual Situations 

At least two physical situations can be represented by this 
network. First, any loss to ground within the unknown, sam¬ 
ple measurement area which is coupled capacitively to the H 
and L terminals could behave like this network. A loss mech¬ 
anism like this can be physically outside the actual sample 
specimen yet still within the field between the H and L termi¬ 
nals. See Figure 8-6. Examples include a piece of wood, an 
insect, a hand or, more likely, an insulating support. A second 
situation occurs when the sample itself has a distributed loss 
to ground within its own dielectric. This could be a meaning¬ 
ful effect in the sample. 

This calculation assumed no series loss between the H and L 
terminals. If a loss exists, it will make a positive contribution 
to the measured reading. If the contribution is large enough, 
it can overwhelm the negative contribution so that no net 
negative loss is observed. Whether or not this occurs will 
depend largely on the particular sample. There are many 
materials with sufficiently low loss to easily allow the nega¬ 
tive contribution to dominate and consequently, negative 
losses are not uncommon. 

SOURCES OF ERROR 

To better understand what kinds of errors can occur when 
connecting three-terminal impedances to the AH 2500A, 
Figure 8-7 shows a circuit model of such a connection. The 
schematic diagram shows all of the major circuit elements 
that have already been discussed in “THREE-TERMINAL 
MEASUREMENTS” on page 4-2 and also some new ones 
that usually have more subtle effects. The unknown imped¬ 
ance to be measured is represented by C x and R x . Undesir¬ 
able stray capacitance or leakage resistance that contributes 
to the unknown is represented by Cjjl an( f Rhl- The extent of 
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coverage of the shielding braid in coaxial cables is not 
always 100%. To minimize C^, coaxial cables having a 
high shield coverage must be chosen to carry the H and L ter¬ 
minal signals. 

The leakage resistances in the cable dielectric are indicated 
by R hg , and R ( G . These resistances should be very high in 
most test configurations and therefore, should not have any 
significant effect. 

The cable capacitances occur from the center conductors to 
the shields and are proportional to the length of the cable. 
These capacitances are modeled by placing half at the near 
end as C HGN and C LGX and half at the ,far end as C HGF and 
C LGF- 

The series resistances of the center conductors of the coaxial 
cables are represented by R HG and R LC . The series resistance 
of the shielding braid is indicated by R GC . Assuming the con¬ 
nectors on the ends of the cables are in good condition, all 
three of these resistances will be proportional to the length of 
the cable. 

The inductances of the center conductors of the cables are 
represented by L HC and L lc , The inductance of the shielding 
braid is indicated by L GC . 

The voltage at the H terminal is supplied by the source V H 
driven through an effective resistance Rj.j and inductance Ljj. 
All of the series resistances in this drawing and the induc¬ 
tance combine with the cable capacitances to cause small 
errors in the measured results which increase with the length 
of the cables and with C x . 
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Table 8-1 Approximate uncorrected cable error in capacitance (in ppm) 
and loss (in 10 6 tan 5) vs. length and unknown capacitance 


Length 

1 pF 

10 pF 

100 pF 

1000 pF 

10000 pF 

100000 pF 

1000000 pF 

t m 

0.04* (C in ppm) 

0.01 

0.01 

0.04 

0.40 

4.0 

40 


0.30* (10" 6 tan8) 

0.04 

0.09 

0.50 

5.0 

50 

500 


0.15* 

0.02 

0.02 

0.09 

0.8 

8.0 

80 

2 m 

1.3* 

0.15 

0.20 

1.1 

10 

100 

1000 

3 m 

0.40* 

0.05 

0.03 

0.15 

1.3 

12 

120 


3.0* 

0.35 

0.35 

1.5 

15 

150 

1500 

5 m 

1.3* 

0.18* 

0.08 

0.25 

2.0 

20 

200 


11* 

1.1* 

0.80 

3.0 

25 

250 

2500 

10 m 

8.0* 

0.8* 

0.25 

0.60 

4.0 

40 

400 


70* 

7.0* 

2.0 

7.0 

50 

500 

5000 


60* 

6.0* 

1.3 

1.5 

9 

80 

800 

20 m 

500* 

50* 

5.0 

16 

100 

1000 

10000 


200* 

20* 

2.0 

2.5 

14 

120 

1200 

30 m 

1500* 

150* 

10 

30 

160 

1500 

15000 


800* 

80* 

8.0 

6.0 

25 

200 


50 m 

© 

o 

700* 

50 

70 

280 

2500 

_ 


6500* 

650* 

55* 

20 

60 

400 


100 m 

60000* 

6000* 

400* 

220 

650 

5000 

- 


Effects of Error Sources 

Cable Length 

For errors caused by L H o L lg , R hc and R FG the amount of 
error is proportional to the cable length if the unknown 
capacitance C x is much larger than the cable capacitances 
Chgf or C L gf- ^ the unknown capacitance Cx is much 
smaller than the cable capacitances, the error is proportional 
to the square of the cable length. 

Cable Resistance 

The presence of R H + R HC + R LC causes the measured loss to 
be larger than it should be by an amount that is proportional 
to the unknown capacitance C x plus the cable capacitances 
C H gf or c lgf- 

Cable Inductance 

The presence of L H + L HC + L lc causes the measured capac¬ 
itance to be larger than it should be by an amount that is pro¬ 
portional to (L hc + L lc )(C x + C HGF ). Unlike all the other 
model parameters, L HC , L lc and L GG can change in response 
to changes outside of the cables. The reason is that at 1 kHz, 
the skin-depth is much greater than the thickness of the coax¬ 
ial shield. Therefore, the shield does not contain the magnetic 
field generated by the center conductor of the cable. Because 
the field penetrates the shield, the proximity of other conduc- 
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tors and especially steel can affect the value of Ljjo L lg and 
L gc . In addition, there will also be some sensitivity to inter¬ 
ference from externally generated magnetic fields. 

These effects will be minimized by minimizing the area 
enclosed by the coaxial cables. The use of Andeen-Hagerling 
DCOAX dual coaxial cable will minimize and standardize 
these effects. 

Cable Shield Impedance 

The presence of R GG and L GG causes the measured loss to be 
more negative than it should be by an absolute amount. It 
causes the capacitance to be larger than it should be due to 
the predominantly capacitive cable load. This error is inde¬ 
pendent of C x and R x and varies approximately as the cube 
of the cable length. Fortunately, it is fairly stable and can be 
subtracted out as a zero correction. 

Importance of Cable Errors 

While all of the above sources of error may seem intimidat¬ 
ing, it is important to keep in mind that for short cables (1-2 
meters), the errors will have little, if any, effect on your mea¬ 
surements. Longer cables and capacitance measurements at 
the top of the AH 2500A's range will have some effect and 
may require cable compensation with the CABLE command 
to achieve highest accuracy. 
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If you suspect that the error sources mentioned above are 
affecting the measurement results, simple tests such as 
changing the length of the cables can quickly demonstrate 
whether a cable-related problem exists. For another kind of 
definitive test, read “Testing Parameter Importance" on 
page 8-7. 

It is very important to understand that the cable errors only 
affect the accuracy of the bridge, not the precision. For high 
accuracy calibration work, getting the most accurate mea¬ 
surements is important; for all other measurements, the high 
precision of the AH 2500A is likely to be all that is needed. 

You can get a more quantitative grasp of the effect of cable 
errors by referring to Table 8-1. This gives the approximate 
uncorrected error in the capacitance and loss results as a 
function of cable length and unknown capacitance. The num¬ 
bers assume that Andeen-Hagerling DCOAX cable is used. 
Other cables will show similar trends, but the magnitudes 
may differ substantially. 

Table entries whose biggest error contribution is correctable 
by using the ZERO SINGLE command are marked with an 
asterisk (*). These are absolute errors in the sense that they 
do not depend upon the unknown capacitance. That causes 
them to appear to increase for smaller unknown capacitances 
since the error is expressed in ppm rather than in pF. 

Connectors: Type 874 vs. BNC 

The AH 2500A uses BNC connectors rather than type 874 for 
two reasons. First, type 874 connectors today are literally as 
much as 100 times more expensive than BNC connectors. 
Second, BNC connectors are much smaller and therefore 
more compatible with modern electronic instruments. 

Traditionally, type 874 connectors have been commonly used 
for high precision capacitance measurements. While the her¬ 
maphroditic design of these connectors makes them friendly 
to use, they offer no performance advantage over BNC’s at 1 
kHz and for the impedance range measured by the AH 
2500A. (At high frequencies they have some advantages.) 

Both types of connectors have failure mechanisms that can 
cause subtle problems. The type 874 center pin is attached 
with a nut that compresses against a piece of insulating plas¬ 
tic. This plastic yields over time so that the nut becomes 
loose and makes the electrical connection of the center pin 
unreliable. 

BNC plugs have a splined cylinder just inside the outer bayo¬ 
net. These splines are the contacts that mate the shield 
between the plug and a jack. Unfortunately, the metallurgy of 
these splines often leaves something to be desired. They fre¬ 
quently yield and thereby lose enough contact pressure to 
affect the ground connection. Fortunately, there are six of 
these splines in each plug and in the case of the AH 2500A, 
there are two BNC connectors having a parallel ground path. 
Since it is rare for ail twelve splines to make poor contact, 
properly assembled BNC connectors have proven to be quite 
reliable when used with the bridge. 


Connectors fail because the resistance in the connector or 
between connectors becomes too large. Since loss is a mea¬ 
sure of resistance, a failing connector will be revealed by AH 
2500A measurements as an increase in the loss. A failing 
connector will not affect the capacitance measurement until 
the effect on the loss component is large. 

CABLE ERROR CORRECTIONS 

The AH 2500A can automatically correct for errors caused 
by the connecting coaxial cables. For the bridge to be able to 
perform these corrections, you must enter four parameters 
which describe the cable used to connect the bridge to the 
device under test. These are cable length, resistance, induc¬ 
tance and capacitance per meter of length. In addition, you 
must use the ZERO SINGLE and ZERO commands to cor¬ 
rect the cable zero offset. 

It is important to understand that all of these corrections are 
small for short cables and for small to medium capacitances. 
Unless your cables are much longer than one meter or you 
need the very highest accuracy, you can ignore the CABLE 
commands and hence this section entirely. It will be difficult 
to detect any effect from these commands for capacitance 
values below about 1000 pF and cable lengths below about 
three meters. For values near 1 jiF or for long cables, the 
effects will be easier to detect. You should read “SOURCES 
OF ERROR” on page 8-4 and especially “Importance of 
Cable Errors” if you have not done so. 

Setting up the Corrections 

The cable resistance, capacitance, and inductance parameters 
are called the “cable electrical parameters”. Changing these 
parameters and the cable length is described below. 

Extent of Correction 

The extent to which the errors shown in Table 8-1 can be cor¬ 
rected is variable. The major contributor to this variation is 
the accuracy of the numbers used for the cable electrical 
parameters. Typical accuracies will correct the cable errors 
by an order of magnitude. If extra efforts are made to ensure 
that each number is accurate, it is possible to correct the 
cable errors by two orders of magni tude. The cable correction 
model used by the bridge cannot go beyond this level. 

Changing the Cable Length 

The length of cable between the bridge and the unknown 
sample determines the amount of cable resistance, capaci¬ 
tance and inductance that must be corrected for. Conse¬ 
quently, the length in meters of one of the cables can be 
entered from a remote device using the syntax: 

CABLE LENGTH length 

or from the front panel: 

iFUNCj |CABLE | R~1 iFUNC] [CABLE] length 
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Cable length can be entered to the nearest hundredth of a 
meter up to a maximum of 999.99 meters. The default cable 
length in the GAUGE 0 parameter file is one meter. 

Changing the Cable Resistance 

Cable resistance is the resistance (in milliohms) of the center 
conductor of one meter of the cable that is used to connect 
the AH 2500A to the unknown capacitance. Cable resistance 
is changed using the command: 

CAB LE RESISTANCE resistance 

or from the front panel: 

PfUncI |CABLE| m |FUNC| [CABLE] resistance 

The value of resistance (resistance/meter) can range from 0 
to 9999.0 milliohms per meter. The default resistance in the 
G AUGE 0 parameter file is 40 milliohms per meter. 

Changing the Cable Inductance 

Cable inductance is the inductance of the center conductor in 
microhenries per meter of cable that is used to connect the 
AH 2500A to the unknown capacitance. Cable inductance is 
changed using the command: 

CABLE INDUCTANCE inductance 

or from the front panel: 

[FUNCl I CABLE| fTl [[FUNCl CABLE] inductance 

The value of inductance (inductance/meter) can range from 
0.00 to 99.99 microhenries per meter. The default value in the 
GAUGE 0 parameter file is 1.10 microhenries per meter. 

Changing the Cable Capacitance 

Cable capacitance is the capacitance in picofarads per meter 
of cable that is used to connect the AH 2500A to the 
unknown capacitance. Cable capacitance is changed using 
the command: 

CAB LE CAPACITANCE capacitance 
or from the front panel: 

[F~UNC[ [CABLE! m IfUnc] |CABLE 1 capacitance 

The value of capacitance (capacitance/meter) can range from 
0.0 to 999.9 picofarads per meter. The default value in the 
GAUGE 0 parameter file is 70.0 picofarads per meter. 


Measuring the Zero Offset Error 

The zero error of the cable is measured by using the ZERO 
SINGLE command in the standard manner described in 
“Zero Compensation Result Mode” on page 5-4. As 
described there, (and unlike the other cable correction com¬ 
mands) this mode must be explicitly activated with the 
ZERO command before it will affect the measurement 
results. The ZERO commands will, of course, also allow you 
to correct for whatever residual impedance exists in any fix¬ 
ture at the far end of your cable. (The ZERO command can 
not (and need not) correct for the cable capacitance itself. It 
corrects for a much smaller and more complicated effect that 
depends on that capacitance.) 

Physical Configuration 

It is important that the cable-pair shields are connected 
together at the far end of the cable. The cable correction cal¬ 
culations made by the bridge will only be correct if this is the 
case. 

Another important consideration is that the cable must be 
routed to its final position before any testing or measure¬ 
ments are performed with it. The routing of the cable influ¬ 
ences especially the capacitive error which is due to C HG , 
C LG and L gg . This routing sensitivity occurs because L GG is 
affected by the proximity of the cable to metal and other wir¬ 
ing. 

Testing Parameter Importance 

If you have read how to change the cable parameters above, 
you will be able to confidently determine the individual 
importance of any of the cable parameters for your particular 
application. You need to connect your AH 2500A using your 
cables to one of your typical unknown samples. Make a 
series of measurements while varying the values of the cable 
parameters. See if you can detect in your measurements the 
effect of changing the cable parameter values. 

In particular, try changing any parameters that you think 
might be important for your particular configuration. The 
effects of the electrical cable parameters should be tried with 
the length parameter being set to the length of your cable. 
You should compare the effect of a default cable parameter 
value to the effect of that same parameter being set. to zero. 
Since the cable corrections are small, your sample will have 
to be more stable than the magnitude of the cable corrections 
or you will not be able to detect their effect. If you eitlier 
can’t detect the cable effects in your measurements or they 
are too small to be of concern, then you can use the default 
values in the GAUGE 0 parameter file and not be concerned 
any further with cable corrections. 
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Determining the Parameters of your Cable 

If you have decided that cable corrections are necessary in 
your application, then you will want to read this section. 

If you are using a standard one meter Andeen-Hagerling 
DCOAX-1 -BNC cable then the default parameters from the 
GAUGE 0 parameter file will be correct for this cable. In 
other words, if you have not created a GAUGE 1 parameter 
file, then when the bridge is turned on, it will automatically 
have chosen the correct cable parameters. See Chapter 3 
titled “Parameter and Program Files” if you want to learn 
how to make your bridge power-on with the correct parame¬ 
ter settings. 

If you are using an Andeen-Hagerling DCOAX cable of a 
length other than one meter and you want to set the cable 
parameters correctly, then you will have to use the CABLE 
LENGTH command to change the length parameter. The 
cable electrical parameters will still be correct without mak¬ 
ing any changes. 

If you are using any other type of cable and you want to set 
the cable parameters correctly, you will have to determine the 
parameters for your cable. If your cable is RG-58 or similar, 
the three default electrical parameters will be very close to 
those for your cable. If that is the case, you may want to just 
set the length parameter and forget about adjusting the elec¬ 
trical parameters. 

Determining the length is trivial provided that you under¬ 
stand that the length is that of the pair and not of the sum of 
two single coaxial cables. The capacitance/meter and the 
resistance/meter are usually available for any commercially 
made cables. They are not hard to measure if published spec¬ 
ifications cannot be found. In either case you must under¬ 
stand that these parameters are for a single piece of coaxial, 
cable and not for the sum of two single coaxial cables. The 
resistance/meter can vary significantly since some cables 
such as RG-59 and RG-62 have only a copper-coated steel 
center conductor rather than solid copper such as RG-58. 

Determining the inductance/meter is not easy because the 
correct specification will not be published. You may find an 
inductance specification but it will not be what you are look¬ 
ing for. The problem, as was discussed in “Cable Inductance” 
on page 8-5, is that the inductance at 1 kHz is dependent on 
more factors than just the construction of the cable. Calculat¬ 
ing the inductance would be difficult even for the simplest 
configuration s. Measuring it is more practical if the measure¬ 
ment can be made at one kilohertz. 

To make the measurement, tie the unknown sample ends of 
the cable together so that the center conductors are connected 
to each other. At the other end, measure the inductance 
between the open H and L cable ends as shown in Figure 8-8. 
The cable shields can be connected in parallel with the center 
conductors, but this will not have a significant effect. This 
measurement will be very difficult for short cables such as 
one meter since the inductive component of the impedance 
will be small in an absolute sense and will be small relative 
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to the resistance of the cable. Few instruments will be capa¬ 
ble of making this measurement for short cables at 1 kHz. 
Having measured the inductance and the length of the cable, 
it is then simple to calculate a number for the inductance/ 
meter parameter. 



Figure 8-8 Measurement of cable inductance 


CALIBRATION AT OTHER 
FREQUENCIES 

The AH 2500A operates only at 1 kHz. However, because it 
can make capacitance measurements more accurately than 
any other current product at any frequency, there is a desire to 
be able to use it as the basis for calibration of capacitors at 
frequencies other than 1 kHz. This can in fact be done with 
four-terminal capacitance standards and is used by one of the 
world's largest electronic instrument manufacturers to per¬ 
form NIST traceable calibrations. 

This method requires the use of a network analyzer that cov¬ 
ers the frequency range of interest. The method is described 
in reference 7 in the bibliography. This is a brief and highly 
technical discussion for the advanced user who wants to pur¬ 
sue this topic further. 

INDUCTANCE MEASUREMENTS 

As discussed in “Interpretation of Negative Capacitance” on 
page 8-2, a negative capacitance may be interpreted as an 
inductance. You can, in fact, use your AH 2500A to make 
accurate measurements of large inductors at 1 kHz. 

Unlike capacitors, an important contributor to the loss of 
inductors is the resistance of the wire used to make the induc¬ 
tor. For air-core inductors with a low stray capacitance, this is 
the primary loss mechanism. The most accurate circuit model 
is then a resistor in series with an inductor. You should, there- 
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fore, measure inductors with your AH 2500A set to units of 
series-kilohms. This will allow you to directly read the series 
resistance of an inductor connected between the HIGH and 
LOW terminals of the bridge. For air-core inductors such as a 
Leeds & Northrup 1520-C Brooks Inductometer (no longer 
made), this value will be in close agreement with DC mea¬ 
surements. 

Calculating the Inductance 

The inductance can be determined by inserting the measured 
negati ve capacitance value into Eq. 8-2 and calculating the 
result. This leads to dividing the magnitude of your measured 
negative capacitance in picofarads into 25330.3 to give an 
inductance in henries. Table 8-2 shows the conversions for 
popular values. 


Table 8-2 Negative capacitance to 
inductance conversion table 


Capacitance 

Inductance 

-120000 pF 

0.21109 H 

-100000 pF 

0.25330 H 

-50661 pF 

0.50000 H 

-50000 pF 

0.50661 H 

-25330 pF 

1.0000 H 

-20000 pF 

1.2665 H 

-12665 pF 

2.0000 H 

-10000 pF 

2.5330 H 

-5066.1 pF 

5.0000 H 

-5000.0 pF 

5.0661 H 

-2533.0 pF 

10.000 H 

-2000.0 pF 

12.665 H 

-1266.5 pF 

20.000 H 

-1000.0 pF 

25.330 H 

-506.61 pF 

50.000 H 

-500.00 pF 

50.661 H 

-253.30 pF 

100.00 H 

-200.00 pF 

126.65 H 

-126.65 pF 

200.00 H 

-100.00 pF 

253.30 H 

-50.661 pF 

500.00 H 

-50.000 pF 

506.61 H 

-25.330 pF 

1000.0 H 

-20.000 pF 

1266.5 H 

-12.665 pF 

2000.0 H 

-10.000 pF 

2533.0 H 


Measurement of Large Inductances 

Although the AH 2500A has the necessary range to measure 
extremely large inductances, the accuracy of the measure¬ 
ment decreases as the inductance increases and eventually 
becomes useless for obtaining an inductance value. The prob¬ 
lem occurs when the capacitive reactance of the DUT 
becomes significant relative to its inductive reactance. 
Because these have opposite signs, they tend to cancel one 
another so that the instrument sees a reactance that is bigger 
than the inductive component. (The measured capacitance is 
smaller than it would otherwise be.) 

If file reactances are equal at 1 kHz, then self-resonance 
occurs and the DUT is effectively a resistor. When this 
occurs, the measured capacitance value tells nothing about 
the actual capacitance or inductance of the DUT; it simply is 
an indication of resonance. A lower measurement frequency 
would be required to avoid the resonance point. 

Table 8-2 goes down to -1.0 pF, but this should be well past 
the resonance point for real devices. The stray capacitance 
for large inductors increases rapidly with inductance because 
of the large number of turns that are required. As a result, 
most inductors will not read accurately above about 10 H 
using this method. 

Loss and Q-factor 

On the other hand, the measured series resistance is a mean¬ 
ingful value for the DUT at 1 kHz. In fact, the series resis¬ 
tance should be a meaningful 1 kHz measurement whenever 
the bridge is able to report a reading above or below reso¬ 
nance. The series resistance in this case will not likely be in 
good agreement with the DC value because the large stray 
capacitance implies a substantial loss in the insulation that 
covers the wire of the inductor. 

The bridge can also be used to measure the Q-factor of a 
large inductor above or below resonance. This is done by set¬ 
ting the bridge to units of dissipation factor (D). The Q-factor 
is just the reciprocal of the dissipation factor (Q = 1/D). This 
measurement should be valid for any result reported by the 
bridge, but as with the series resistance setting, the capaci¬ 
tance reading will only be meaningful for smaller inductance 
values. 


AH 2500A Capacitance Bridge 


Advanced Measurements 8-9 






8-10 Advanced Measurements 


AH 2500A Capacitance Bridge 


co< 






Chapter 9 


Verification/Calibration 


This chapter describes how to verify that your AH 2500A is 
properly calibrated and how to re-calibrate it if a verification 
shows that recalibration is needed. Several issues regarding 
“when to calibrate” and “what standards to use” for calibra¬ 
tion are discussed. The bridge's ability to use either its origi¬ 
nal capacitance and transformer calibrations or the most 
recent versions of these is described. Finally, the passcode 
structure used to protect the calibrations is presented. 

GENERAL ISSUES 

Recommended Equipment and 
Accessories 

The following list gives the tools and equipment required to 
verify/calibrate the AH 2500A. 

1. 0.5 to 1600 pF three-terminal capacitance standard hav¬ 
ing a traceable accuracy of 1 ppm. For Option-E 
bridges, 0.5 ppm is recommended. See “Obtaining the 
Capacitance Verification Data.” on page 9-9 for a dis¬ 
cussion of what is appropriate. 

2. Dual, low noise, low inductance, one meter, coaxial 
cables with male BNC ends. Andeen-Hagerling 
DCOAX-l-BNC is recommended. 

3. For Option-E bridges, a 1 pF to 1 llF three-terminal, 
six-decade capacitor box. An accuracy of ±0.5 pF from 
0 to 600 pF and to ±0.5% from 600 pF to 1 pF is desir¬ 
able, but traceability is not needed. 

4. AC resistance standard having a value of 10 kO with an 
accuracy at 1.0 kHz of 0.005% (0.0025% for Option- 
E). See “Finding a Suitable AC Resistor Standard” on 
page 9-16 for a discussion of what is appropriate. 

5. Digital multimeter with an AC voltage accuracy of 1%. 

6. Digital frequency meter with an accuracy of 0.001% at 
one kilohertz 

7. For Option-E bridges, connection to a GPIB or RS-232 
device capable of recording the verification results is 
desirable. 
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Types of Calibrations/Verifications 

There are a number of procedures required to verify adequate 
calibration of an AH 2500A. These can be grouped into the 
various types listed below. 

1. Internal - verifies numerous internal calibration points, 
especially related to the DAC (or RTMDAC). See 
“ANALOG CIRCUITS BLOCK DIAGRAMS” on 
page 10-2 for an introduction to the DAC circuitry. 

2. Capacitance - verifies that the internal reference stan¬ 
dards are calibrated relative to a traceable standard. 

3. Transformer - verifies that the transformer voltage 
ratios are correct. (Option-E only) 

4. Loss - verifies that the internal phase shifters are accu¬ 
rately producing a 90 degree phase shift. 

5. Frequency - verifies that the frequency of the test signal 
is within tolerance. 

6. Output voltage - verifies that the voltage of the test sig¬ 
nal is within tolerance. 

The internal, capacitance and transformer calibrations are all 
maintained by values stored in an EEPROM (re-writable, 
non-volatile memory). The loss calibration is derived from 
the capacitance and internal calibrations using a patented 
phase-shifting technique. The test signal frequency is deter¬ 
mined by a quartz oscillator and a digital divider. The output 
voltage is set by an internal trimpot. 

Calibration versus Verification 

Definitions 

A complete calibration of the AH 2500A accomplishes two 
major functions: 

• Makes all measurements taken with a given AH 2500A 
consistent with each other. 

• Makes all measurements taken consistent with and trace¬ 
able to national and international standards. 

The internal and transformer calibrations accomplish the first 
function. The capacitance and output voltage calibrations 
accomplish the second function. A calibration accomplishes 
these things by making permanent adjustments to a bridge. 

A verification is a test of whether a bridge is sufficiently well 
calibrated and fully functional. A verification does not adjust 
a bridge, but its results may show cause to perform a calibra¬ 
tion or repair. The loss and frequency checks are only verifi¬ 
cations because they are not adjustable. 
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Figure 9-1 Example of results of SHOW CAL command sent to remote devices 
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Figure 9-2 Example of results of SHOW CAL command displayable on non-Option-E bridges 


Availability of the Verification Option 

Conventionally, a calibration has typically involved making 
some kind of measurement of a calibratable quantity (called a 
calibration point here) within an instrument, the result of 
which is compared against the desired value for that mea¬ 
surement. If the measured and desired values are close 
enough, no actual adjustment of the instrument being cali¬ 
brated is needed. In this case, a verification has been per¬ 
formed. If the measured and desired values are different, then 
an adjustment of the instrument is made. In this case, a cali¬ 
bration has been performed. When a calibration/verification 
involves physically adjusting a variable control, the choice of 
verifying or calibrating is always available. 

Using firmware, today’s instruments can calibrate dozens and 
even hundreds of internal instrument settings automatically. 
This can make it impractical to provide the option of calibrat¬ 
ing or verifying each calibration point. 

The AH 2500A has only one physically adjustable calibration 
control (the output voltage). All other adjustable calibration 
points are controlled by firmware. 

Firmware Calibration/Verification 

The AH 2500A uses three-step procedures to perform the 
firmware calibrations. These steps arc: 

L Make calibration point measurements to obtain data 
that is suitable for calibrating the bridge. This data is 
referred to here as “verification” data until it is perma¬ 
nently stored. 

2. Allow examination of this data to determine if a cali¬ 
bration is needed or if a verification is sufficient. 

3. If the decision of the previous step is to calibrate, then 
permanently store the new verification data (into the 
EEPROM) by overwriting the current calibration data. 

These steps are executed using versions of the CALIBRATE, 
SHOW CALIBRATE and STORE CALIBRATE com¬ 
mands, respectively. These commands are all introduced in 
this chapter. All versions of the STORE CALIBRATE com¬ 


mands require passcodes since these are the commands that 
actually change the calibration of a bridge. Since the other 
calibration commands require no passcodes, anyone can ver¬ 
ify the calibration of the bridge at any time. 

In other words, after using the CALIBRATE commands to 
obtain the internal, capacitance and possibly transformer ver¬ 
ification data, you can use the SHOW CALIBRATE com¬ 
mands to create a report that summarizes this verification 
data relati ve to previously stored calibration data. If the 
newly obtained data does not deviate significantly from the 
stored calibration data, then the calibration state of the bridge 
may be considered to be verified. If the newly obtained data 
does deviate significantly from the currently stored calibra¬ 
tion data, then you will probably want to use the STORE 
CALIBRATE commands to replace the currently stored cali¬ 
bration data with the newly obtained data. As explained in 
“Selecting Update vs. Original Capacitance Calibration 
Data” on page 9-11, you may alternately or additionally 
change your bridge's selection of Original versus Update 
capacitance calibration data. If your bridge is an Option-E, 
then you have an additional, equivalent choice with trans¬ 
former calibration data. 

Reasons for Verifying Only 

In some applications, it is important that a bridge's measure¬ 
ments not change suddenly from one day to the next, even by 
tiny amounts. In other words, the day-to-day stability may be 
more important than the long-term stability or the accuracy. 
In cases such as this, the ability to verify without calibrating 
can be essential. A verification can prove that a bridge has 
not suffered an unexpected shift in its measurements, yet a 
verification will not change the bridge's measurements in any 
way. It might be more helpful for a verification to follow and 
document a small drift in a bridge rather than to try to period¬ 
ically correct it. Each such correction would cause a tiny off¬ 
set in the bridge's measurements that might be undesirable. 
The bottom line is that the decision between calibration and 
verification is dependent on the application. 
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In general, the above comments apply mostly to the capaci¬ 
tance calibration rather than the internal calibration. The lat¬ 
ter corrects for changes over time and for differences in 
ambient temperature. The errors which are corrected by the 
internal calibration occur mostly in the linearity of the AH 
2500A. An inadequate interna! calibration will affect the lin¬ 
earity by causing small offsets, steps, or staircase effects in 
the measurements as a function of the actual capacitance or 
loss value. Since such errors are too complex to predict or 
externally correct, it is desirable to perform frequent internal 
calibrations to minimize them. 

Your experience may lead you to believe that internal calibra¬ 
tions are not important, because the effects are not easily 
observed. However, if you make a series of measurements 
which happen to be near a step in your bridge's behavior, an 
inadequate internal calibration may cause the measurements 
to have a double-valued characteristic. As a result, for maxi¬ 
mum precision, internal calibrations should be performed 
every month or two even if the ambient temperature is con¬ 
stant. 

A double-valued characteristic may also be observed on a 
finer scale as a result of transformer errors. For Option-E 
bridges, this double-valued characteristic is correctable by 
the Option-E transformer calibration described later. After 
calibration the remaining errors should be in the noise. The 
extreme stability of the ratio transformers should keep these 
errors low so that frequent transformer calibrations should 
not be needed and are therefore not recommended. 

Deciding When to Calibrate/Verify 

Traceability Caiibration/Verifieation 

If your application requires traceability, you will probably 
want to perform a complete verification/calibration every 
year or two. Experience has shown that the stability of the 
internal reference standards and of the ratio transformers in 
the AH 2500A is sufficient that a traceable verification/cali¬ 
bration performed every year or two is conservative. A 
change in these components that causes the bridge to fail its 
accuracy specification within three years is considered to be a 
failure of those components, not just a drift. Of course, cali¬ 
bration/verification must identify failures also. Therefore, 
critical applications must perform traceable verification/cali¬ 
brations with a frequency related to the criticality of the 
application. The bottom line is that you must be the ultimate 
judge based on your requirements and experience. 

internal Consistency Calibration 

While the reference capacitors and ratio transformers in the 
AH 2500A are very stable, there are many other components 
that are less stable. These components will drift over time 
and with changes in temperature. Fortunately, each of these 
components that can affect performance is automatically ver¬ 
ified relative to the reference capacitors and ratio transform¬ 
ers when an internal verification is performed. 


Without actually taking the time to perform an internal verifi¬ 
cation, there is no way to know for certain if an internal cali¬ 
bration should be done. However, it is possible to check the 
elapsed operating time and the change in temperature relative 
to when the last internal, calibration was done. This is done 
using the SHOW CALIBRATE command introduced below. 

Ambient Temperature and Internal Cal's 

Unlike other high-precision instruments, the AH 2500A is 
capable of operating to its full specifications over a tempera¬ 
ture range that is much wider than that found in calibration 
laboratories. The qualification to this statement is that for 
highest precision and linearity, an internal calibration should 
be performed after the bridge has stabilized at the tempera¬ 
ture at which it is to be operated. If it was recently calibrated 
near this temperature, then a new calibration is unnecessary. 
The SHOW CAL command is very useful here for easily 
identifying whether the bridge is being operated near the 
temperature at which its last internal calibration was per¬ 
formed. 

Comparison with the Previous Calibration 
Conditions 

The approximate elapsed operating time and the change in 
temperature relati ve to when the last internal, capacitance 
and transformer calibrations were done can be determined by 
issuing the command: 

SHOW CALIBRATE 

The results of this command as reported to remote devices 
are shown in Figure 9-1. The results of the SHOW CAL 
command are displayable on the front panel in two or three 
lines of three windows each. A non-Option-E example is 
shown in Figure 9-2. Each window is accessible using the 
m , m , FI and [-Tj keys in the normal manner. 

The first line gives the deviation of current conditions from 
those under which the previous internal calibration was 
made. The approximate elapsed operating time in hours from 
the last internal calibration is given following 
“CfiL AGE =”. The difference between the current tempera¬ 
ture and that during the last internal calibration follows 
“TEMP 

The second line specifies the same information relative to the 
capacitance calibration. This line additionally specifies 
whether the capacitance calibration in current use is the orig¬ 
inal one or an updated one. This is indicated with a label 
reading “ORIG” or “UPDT”, respectively, preceding the 
“CAP” label. The meaning of these labels is discussed in 
“Selecting Update vs. Original Capacitance Calibration 
Data” on page 9-11. 

The third line only appears on Option-E bridges. It contains 
transformer calibration information in exactly the same for¬ 
mat as the second line. 
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Figure 9-3 Non-Option-E example of results of SHOW CAL 1 command sent to remote devices 


dE u Fra 


' CflL ROE 


tffjp 

( b CHRflGE | 

' LflSt 1 nh 

3H H 

-3.8 C 

( 36 PEr 


| r ID f 

-3H 1 

r 10 1 

-4D | 

| r 10 1 

-83 

I.R5L 

O' 1 

Or, 0 

M } 

( 85 Ed 

IP 


Figure 9-4 Non-Option-E example of results of 


Preliminaries 

Before performing any verifications, the AH 2500A and its 
environment must be stable. The OVEN NOT READY indi¬ 
cator on the front panel must not be on. The bridge must have 
been powered on for at least one hour. 

In addition, the bridge should be verified in a thermal envi¬ 
ronment that is as close as possible to that in which it will 
actually be operated. This means that the covers must be on 
the bridge, since that is presumably how it is normally oper¬ 
ated. The bridge must be in the same physical orientation as it 
is normally operated. That is, it should not be verified while 
sitting on its side if it is normally operated in a horizontal 
position. 

Carrying the thermal considerations one step further, the very 
highest precision requires that the bridge have its internal 
verification performed in its operating environment, not in a 
calibration lab unless that is where it is normally operated. 
This is particularly important if these environments might be 
significantly different. An example is the case where the 
bridge is normally operated in a rack on a factory floor. The 
rack is an additional enclosure that can trap heat and which 
will usually contain other instruments which are additional 
sources of heat. The rack environment may thus be substan¬ 
tially warmer than the calibration lab environment. 


SHOW CAL 1 command displayed on front panel 


INTERNAL CALIBRATION 

An internal verification checks for drift and temperature 
changes in dozens of internal components. It does this by 
intercomparing these components against the internal fused- 
silica capacitance standard and the main ratio transformer. 

Simplified Procedure 

The following pages describe not only how to perform an 
internal verification, but also how to interpret all of the infor¬ 
mation that such a verification can provide. If you know that 
you just want to perform an internal calibration without any 
verification checks or other data gathering or interpretation, 
then you can skip most of the next few pages. Simply do the 
following: 

1. Issue the CALIBRATE 1 command described below. 

2. Issue the SHOW CALIBRATE 1 command described 
below in “Internal Verification Results” . 

3. Check that the report produced in the previous step 
reveals no calibration point that exceeds 100% of its 
calibratable range as described in “Identifying the Point 
with tlie Largest Correction” on page 9-8. 

4. Issue the STORE CALIBRATE 1 command followed 
by a passcode to permanently save the new verification 
data as described in “Saving the Internal Verification 
Data” on page 9-9. 
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Obtaining the interna! Verification Data 

Obtaining the internal verification data only requires that a 
command be entered. No special external connections are 
required. The LOW input terminal is internally disconnected 
during the verification measurements so it doesn’t matter 
what is connected to it. The HIGH output terminal is inter¬ 
nally grounded so it doesn’t matter what impedance is con¬ 
nected to it either. The command that initiates the internal 
verification measurement is: 

CALIBRATE 1 


The verification measurement procedure takes about eight 
minutes for non-Option-E bridges and 30 minutes for 
Option-E bridges. The front panel will display E RL - 
br REE bllSy during this process and will show rERdb 
when the procedure has successfully completed. 

If the procedure fails, the front panel will show the message 
I nt C RL FBI LurE. This indicates that a hardware fail¬ 
ure has occurred. If this happens, refer to Chapter 11 titled 
“Diagnosis and Repair”. 

Internal Verification Results 

The kind of internal verification data that is reported depends 
on whether your bridge is an Option-E or not. Option-E 
bridges produce a 34 line report giving the status of every 
internal calibration point in the bridge. Non-Option-E 
bridges just give a summary of this report showing the largest 
current internal verification error. The one internal calibration 
point that is furthest from its nominal value is also shown. 

To get a report summarizing the new internal verification 
data obtained with the CAL 1 command, issue the command: 

SHOW CALIBRATE 1 

If you had not previously issued a CAL 1 command, the front 
panel will show the message ERL dRE R Rb 5 E nh 
indicating that no new internal verification data exists. 

Internal Verification Summary for Non-Option-E 
Bridges 

On Non-Option-E bridges, the SHOW CALIBRATE 1 com¬ 
mand will produce the report shown in Figure 9-3 on remote 
devices. The equivalent windows in Figure 9-4 can be shown 
on the front panel. 

Full Internal Verification Report for Option-E 
Bridges 

On Option-E bridges, the SHOW CALIBRATE 1 command 
will produce the report shown in Figure 9-5 on remote 
devices. An equivalent report can be shown on the front 
panel. The first two lines of the front panel report have the 
same format as the non-Option-E windows in Figure 9-4. All 
the remaining lines have the same format as the second line 


in this figure and will show the same information as in 
Figure 9-5. 

Verification Conditions: SH CAL 1,2 or 3 vs SH CAL 

The first two fields in the line of the SHOW CAL 1 (or 
SHOW CAL 2 or 3 commands introduced later) report 
beginning “DEM FR011” give the elapsed operating time and 
tlie temperature difference between the conditions used to 
obtain the currently stored calibration values and the condi¬ 
tions used to obtain the new verification data. Note that this is 
similar but not identical to the results reported by the SHOW 
CAL command. That command compares the conditions 
used to obtain the currently stored calibration data with cur¬ 
rent conditions. These two reports will give nearly identical 
results if the SHOW CAL command is issued soon before or 
after the CAL 1 command is executed (or CAL 2 or 3 com¬ 
mands introduced later). That way the time and temperatures 
will be the same. On the other hand, if the SHOW CAL com¬ 
mand is issued at a different time or temperature from that of 
the CAL 1 (or 2 or 3) command, then the time and tempera¬ 
ture results from the SHOW CAL and SHOW CAL 1 (or 2 
or 3) commands will differ. 

Checking the Biggest Cal Point Change 

The last field in the first line of the report shown in Figure 9- 
3 or Figure 9-5 reports the percent deviation in the calibra¬ 
tion point that had the biggest change between the currently 
stored internal calibration values and those just obtained with 
the CAL 1 command. This change is the value of most inter¬ 
est in the entire report. The larger this change is, the greater 
the need to update the internal calibration values. 

This change is a combination of the effects of time and of any 
difference in the temperature at which the two sets of internal 
calibration data were obtained. If a significant change has 
occurred and it has been many months since an internal cali¬ 
bration has been done, then it is desirable to save a new cali¬ 
bration. On the other hand, if a significant change has 
occurred but an internal calibration was just done only days 
ago, then for non-Option-E bridges, the change is likely to be 
the result of temperature differences. In this case, it may 
make sense to save the new verification data only if you 
intend to operate the bridge at the new verification tempera¬ 
ture. (Option-E bridges are temperature corrected so their 
internal calibrations are affected less by temperature.) 

A change greater than 100% requires saving the new internal 
verification values //the specifications are not to be exceeded 
at the temperature at which the verification data was 
obtained. 
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Figure 9-5 Option-E example of results of SHOW CAL 1 command sent to remote devices 


Interpreting the Calibration Point Data 

This section describes the meaning of the calibration point 
data for both internal verifications and for the Option-E trans¬ 
former verifications discussed later. 

The bottom line in Figure 9-3 and the bottom 29 lines in 
Figure 9-5 contain internal verification data. There are two 
lines above these bottom lines that provide headers for the 
columns of data. Figure 9-5 shows typical data for every 
internal calibration point for a typical Option-E bridge. 
Figure 9-3 shows only the one internal calibration point that 
is furthest from its nominal value for a non-Option-E bridge. 

Figure 9-8 on page 9-14 shows typical transformer verifica¬ 
tion data for an Option-E bridge. 

The Reference Labels 

The first field in each line of the reports is the reference label 
for the calibration point. For many points, this number is 
identical to the reference label in the parts lists and schematic 
diagrams. For the remaining calibration points, no corre¬ 
sponding single parts exist. Table 9-1 identifies the compo¬ 
nents or assemblies which affect each internal calibration 
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point. For Option-E transformer verifications, Table 9-1 on 
page 9-7 contains the corresponding information. 

Meaning of the “I” and “Q” Pairs 

The remaining fields in the reports occur in “I” and “Q” 
pairs. These pairs represent the two components of a vector. 
Vector components are reported here because that is how the 
correction values are internally represented. 

The “I” or in-phase value is that component of the error 
which is in phase with the desired output characteristic of the 
calibration point. The “Q” or quadrature value is that compo¬ 
nent of the error which differs in phase by 90 degrees with 
respect to the desired output characteristic of the calibration 
point. 

In the case of a resistor, the in-phase error is in the resistance 
and the quadrature error is in the stray capacitance across the 
resistor. In the case of a capacitor, the in-phase error is in the 
capacitance and the quadrature error is in the loss of the 
capacitor. In the case of a ratio transformer, the in-phase error 
is that component of the divided voltage from a given tap that 
is in phase with the signal applied to the transformer. The 
quadrature error is the component of the divided voltage 
from this tap that is 90 degrees out of phase with respect to 
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Table 9-1 Components or assemblies which affect the internal calibration points 


Calibration 

Points 

In-phase 
tolerance 
equaling 
100% of 
range 

Ratio of range- 
used scale to 
non-Option-E 
in-phase devi¬ 
ation scales 

Standard 
Deviation 
of scatter 
in devia¬ 
tion values 

Corresponding components and 
assemblies which affect each internal 
calibration point 

R171 

0.06% 

70 

3% 

Gain error in DAC driver circuit which includes 
C2J0B/C210C, R171B/R171A and U127 

R161, R179 

35% 

2 

7% 

These resistor references have the same labels as in 
the parts lists and schematics. 

R138, R139 

7% 

4 

7% 

R162, R180 

35% 

4 

7% 

R164, R181 

7% 

7 

6% 

R177, R183 

0.5% 

15 

4% 

R159. R167 

0.5% 

20 

4% 

R160, R168 

0.1% 

30 

4% 

R158, R166 

5% 

30 

5% 

R176. R182 

5% 

30 

10% 

R178. R184 

0.35% 

50 

3% 

C211 

60 ppm 

70 

4% 

Capacitance ratio of C210A to C210B 

CV11 

0.08 ppm/V 

2 

7% 

AC voltage coefficient of the capacitance of C210B 

QG01 

2% 

70 

3% 

Output voltage of the quadrature generator circuit 
comprising U107 - U110 and related components 

ZE01 

3 jiV in 
HDASUM 
signal 

3 

3% 

Zero error in T101, magnetic field from T101 cou¬ 
pled into connecting circuitry on A101, C210 and 
A601, ground currents due to stray capacitances, 
loose board mounting screws, etc. 

ZE02 

3 |iV in 
HDASUM 
signal 

3 

4% 

Alternate measurement of ZE01 that confirms cor¬ 
rect operation if range-used figures for ZE01 and 
ZE02 are nearly equal 

U407 

15 mV 

3 

3% 

DC zero offset of U407 filter circuit 

U406 

15 mV 

3 

3% 

DC zero offset of U406 filter circuit 

U416 

3 LSB 

2 

10% 

DC zero offset of analog-to-digita! converter U416 


the signal applied to the transformer. Any three-terminal net¬ 
work is interpreted in a similar manner to this ratio trans¬ 
former example. 

The Range-Used Pair 

The right-most 1 and Q pair in the reports gives the values 
used to make the firmware calibration corrections. These val¬ 
ues are expressed as the percentage of the available firmware 
correction range that is required to compensate for the devia¬ 
tion of the part or assembly from its nominal value. 

A value of 0% means that the calibration point has exactly 
the value that it is expected to have (as measured by the cali¬ 
bration circuitry of the bridge). For example, if R167 has an 
in-phase range-used value of 0% then its actual resistance 
equals its nominal resistance of 200kQ to the limit of the 
bridge’s internal intercomparison capability. 


The Deviation Pairs 

The first I and Q pair in each line of the reports gives the cur¬ 
rent change for this part relative to the last calibration value 
pair that is currently stored. For internal calibrations, it is this 
stored pair that is currently being used to make corrections. 
For Option-E transformer calibrations discussed later, this 
stored pair contains the Update calibration data. 

The second I and Q pair in each line gives the current change 
for this part relative to the original calibration value pair that 
was first stored in the bridge when it was manufactured. For 
internal verifications, this stored pair of values is available 
for historical purposes only. It is not used to make any cor¬ 
rections. It is used to help determine what the total drift in 
this internal calibration point has been since the date of man¬ 
ufacture or the date of replacement of A101 or €210. For 
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Option-E transformer calibrations, this stored pair contains 
the Original calibration data. 

A 0% deviation represents the best correction of which the 
calibration firmware is capable. By definition, the deviation 
of every internal verification value at the moment that the 
verification data is generated by the CAL 1 command is 0%. 

Bases of Percent Scales Used 

There are two different bases used for the percentage values 
given in this report. The percentages reported for the “1 range 
used’' are based on a scale where the limit of the calibratable 
range is ±100%. Only this column of values uses these per¬ 
cent scales. Each value in the “Q range used” column uses a 
scale that is half as sensitive as the corresponding value in the 
“1 range used” column. These scales are the same for Option- 
E and non-Option-E bridges. For internal verifications, 

Table 9-1 lists the actual tolerance of the part or calibrated 
quantity which corresponds to 100% of the firmware calibrat¬ 
able in-phase range. 

As an example, consider the resistor R158 which shows an 
in-phase correction value of 21% in Figure 9-5 on page 9-6. 
According to Table 9-1, this resistor is correctable up to ±5% 
of its nominal value. This means that the resistor actually 
deviates from its nominal value by 5x0.21 = 1.05% as mea¬ 
sured by the bridge's intercomparison circuit. 

All other values which are given as percentages in the inter¬ 
nal verification report use a scale where 100% is a deviation 
of a verification value that will cause the bridge to function at 
the limit of one or more of its specifications. Since Option-E 
bridges have tighter specifications, their deviation scales are 
typically a factor of two smaller (more sensitive) than those 
for the non-Option-E bridges. 

The deviation scales are smaller than the range-used scales. 
In other words, a given temperature change or drift in a cali¬ 
bration point will have a bigger effect in the deviation col¬ 
umns than in the range-used columns. For internal calibration 
points, a 1% change in an in-phase range-used value will be 
magnified in the corresponding in-phase deviation value by 
anywhere from two to seventy times. The exact magnifica¬ 
tion depends on the internal calibration point and is listed as a 
ratio in Table 9-1 for non-Option-E bridges. For internal cali¬ 
bration points, the ratios for Option-E bridges are obtained 
by multiplying the ratios in the table by two. For transformer 
calibration points, the magnification ratios are listed in 
Table 9-1 on page 9-7. 

As with the range-used scales, each value in the Q-deviation 
columns uses a scale that is half as sensitive as the corre¬ 
sponding value in the 1-deviation columns. 

Scatter In the Deviation Values 

If you try to study the verification deviation data (not the 
range used) you will soon discover that some of the numbers 
change significantly from one verification to the next. It is 
important to understand that many of the deviation values are 


highly magnified. In many cases, the noise in the input ampli¬ 
fier of the bridge determines the amount of scatter in the 
deviation values. It is this noise that causes the deviations to 
change from one verification to the next even when the 
bridge stays at a constant ambient temperature. As a result, it 
is not productive to try to draw conclusions about the verifi¬ 
cation data near the level of this noise. 

The normal amount of scatter varies from one calibration 
point to another. The amount that is considered normal is 
given as a standard deviation in Table 9-1. If you find that 
any deviations for your bridge taken at constant temperature 
have a standard deviation that is higher than what is listed in 
the table by more than a factor of three then there is reason to 
suspect a problem in your bridge. 

Identifying the Point with the Largest Correction 

The last line in Figure 9-3 reports the one internal calibration 
point that is furthest from its nominal value. The correspond¬ 
ing line in Figure 9-5 can be identified as the one internal cal¬ 
ibration point having the largest magnitude in the “I RANGE 
USED” and “G RANGE USED” columns. In this example, 
that calibration point is R178 which has a magnitude of 24%. 
This calibration point has the largest correction value of all 
the internal calibration points in the bridge. Having a large 
correction value does not degrade the performance of the 
bridge provided that it does not exceed 100%. 

If either the I or Q percent of range for this calibration point 
exceeds 100% and the internal verification was performed 
within the bridge's specified operating temperature range of 0 
to 45 °C, then the bridge may be considered to have a hard¬ 
ware failure. The same is true for Option-E transformer veri¬ 
fications. 

For points that exceed 100% of range, it will usually still be 
possible to perform a verification unless the 100% limit is 
greatly exceeded. The offending part should be identified and 
replaced before the bridge can be properly calibrated. See 
Chapter 11 titled “Diagnosis and Repair” for general instruc¬ 
tions. 

The reported percent-of-range-used includes both the change 
in the part since the time of first calibration during manufac¬ 
ture of the bridge and the initial tolerance of the part at the 
time that the bridge was manufactured. A calibration point 
may therefore report a substantial percentage but still be very 
stable (and thus fully acceptable). To identify a part as being 
unstable requires the information from several verification 
reports taken over a period of time. Only then can a possible 
drift in a calibration point be distinguished from the initial 
manufactured tolerance of a part. 

It is important to understand that a part that appears to be less 
stable than others, might only appear that way over a limited 
range of ambient temperatures. A part that has a larger tem¬ 
perature coefficient than it should may not appear in this 
report over a narrow range of temperatures, yet might require 
a large correction at all other temperatures. 
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Effect of Temperature on Internal Verifications 

The AH 2500A specifications assume an internal calibration 
at the ambient operating temperature. This is especially true 
for the non-Option-E version of the bridge. 

The Option-E version of the bridge contains additional inter¬ 
nal calibration data in the form of temperature coefficients 
(T/C’s) for all internal calibration points. This T/C data is 
generated when the bridge is manufactured and is considered 
to be permanent unless A101 or C210 is replaced. This T/C 
data is used to adjust the internal calibration data so that it is 
correct for the temperature at which the bridge is actually 
operating. 

The internal verification report generated by Option-E 
bridges shows the deviations after temperature corrections 
have been applied. These temperature corrections improve 
the accuracy of the internal calibration points by a factor in 
the range of six to twenty over that of the non-Option-E 
bridge. Since the deviation scale used in the Option-E 
bridges is twice as sensitive as that of the non-Option-E 
bridges, the reported deviation percentages due to changes in 
ambient temperature will be from three to ten times smaller 
for Option-E bridges than for non-Option-E bridges. 

By obtaining and reporting internal verification data at sev¬ 
eral different ambient temperatures you should easily be able 
to observe the effect on the deviations of the calibration 
points for a non-Option-E bridge. Ambient temperature 
changes of 3 °C will cause deviations above the noise level of 
the data. Ambient temperature changes of 10 °C will likely 
cause deviations larger than 100% that will prevent the 
bridge from meeting its published specifications. If you try 
this same experiment on an Option-E bridge, you will have to 
use a significantly wider temperature range to observe equiv¬ 
alent effects. 

Saving the Internal Verification Data 

The internal verification data obtained with the CAL 1 com¬ 
mand can permanently replace the current data by issuing the 
command: 

STORE CALIBRATE 1 

You will be prompted for a passcode immediately after issu¬ 
ing tliis command. You may enter any of the three allowed 
passcodes as explained in “THE CALIBRATION PASS- 
CODES” on page 9-17. This command takes a few seconds 
to execute and will display the r E Rdd prompt when it is 
finished. After this command is executed, all subsequent 
measurements will use the new calibration data. If no new 
internal verification data exists then the front panel will show 
the message u RL dRLR RbSEnb. 



The capacitance calibration corrects for drift in the fused-sil- 
ica standard inside the AH 2500A. This calibration requires 
the presence of new internal verification data. If no new 
internal verification data is present, then the capacitance veri¬ 
fication will automatically generate (but not store) such data 
in addition to obtaining the capacitance verification data. For 
maximum precision, the capacitance verification should be 
performed under the same environmental conditions as a new 
internal verification. This is true even if you intend to store 
only the capacitance verification data and not the internal 
verification data. 

Obtaining the Capacitance Verification 
Data. 

Obtaining the capacitance verification data for the bridge 
requires that a high-accuracy capacitance transfer standard be 
connected to the bridge. Due to the extremely high accuracy 
that is possible with the AH 2500A, there is an issue of what 
is available to use as a capacitance standard. 

You need access to one of three realistic transfer standard 
configurations. These are: 

1. A high-accuracy, fused-silica standard capacitor such 
as an Andeen-Hageriing AH 1100/11A having a trace¬ 
able calibration. 

2. A gas-dielectric, stacked-plate capacitor such as a 
Model 1404 having a traceable calibration. 

3. A second AH 2500A with a traceable calibration and a 
gas-dielectric, stacked-plate capacitor. 

If you have access to the first kind of transfer standard and 
you are satisfied with its level of traceability, you can use 
such equipment to both verify and calibrate an AH 2500A to 
the limit of its specifications. 

If you have access to the second kind of transfer standard, 
you can perform a verification of your AH 2500A, but only to 
an accuracy level of about 30 ppm. This is true even if the 
capacitor was freshly calibrated by a primary lab. The prob¬ 
lem is that these capacitors are prone to suddenly changing 
their value in response to thermal and mechanical environ¬ 
mental stress by amounts as high as about 30 ppm. Unfortu¬ 
nately, such stresses tend to occur during shipping to and 
from the primary cal lab. Verification to 30 ppm may be suffi¬ 
cient for some applications, but it is more than an order of 
magnitude worse than the AH 2500A is capable of. 

If you have access to the third transfer standard configura¬ 
tion, you can perform a verification/calibration that is nearly 
as good as in the first case. A gas-dielectric capacitor is quite 
suitable for making short-term transfers of capacitance val¬ 
ues from one AH 2500A to another if the gas-dielectric 
capacitor is kept at a constant temperature and not moved. 
Ideally, the value of the gas-dielectric capacitor should be the 
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Figure 9-6 Example of results of SHOW CAL 2 command sent to remote devices 
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Figure 9-7 Example of results of SHOW CAL 2 command display able on front panel 


same as the value of the capacitor that was used to calibrate 
the AH 2500A that is providing the traceable source value. 

The value of your standard must be in the range of 0.5 to 
1600 pF. Values of 10.0 pF and above are preferred since the 
measurement uncertainty at lower values will begin to limit 
the attainable accuracy. For example, a 1.0 pF standard will 
add 1 ppm. to the uncertainty of the verification. 

When you are ready to obtain the verification data, use a 
DCOAX-l-BNC to connect your capacitance transfer stan¬ 
dard to your AH 2500A. If you use any other cable, it should 
be one meter long and must have an internal, coaxial shield 
with 100% coverage. If you use a pair of single cables, then 
they should be twisted around each other to minimize their 
inductance. Make sure that the CABLE command parameters 
are set correctly since this will cause an error otherwise. 

If your transfer standard is another AH 2500A, use it to care¬ 
fully measure your gas-dielectric capacitor, carefully record 
the value and finally connect the gas-dielectric capacitor to 
the AH 2500A to be verified/calibrated. 

When the desired capacitor is connected, issue the command: 

CAL IBRATE 2 CAL IBRATE standardvalue 

where standardvalue is the value of the connected standard 
capacitor in picofarads. The value may be entered from 
remote devices in any floating-point or scientific notation. A 
bRd Pflr error will be repotted if standardvalue is not in 
the range of 0.5 to 1600 pF. 

After this command is entered, the bridge will spend about 
20 seconds making the verification measurement. If no new 
internal verification data exists, then about eight minutes will 
be added to this time for non-Option-E bridges and 30 min¬ 
utes for Option-E bridges. The front panel will display 
LPLbrPEE bUSP during this time. The front panel will 
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show rEPd y when the procedure has successfully com¬ 
pleted. 

If the value of the connected standard as measured by the 
bridge disagrees with the Original calibration of the bridge 
by more than 0.01 % then the message UPdb 5b d 
Error will be displayed on the front panel. An error of this 
magnitude is most likely due to entering an incorrect value 
for the connected transfer standard. Otherwise, such an error 
is considered to be a hardware failure and is beyond the cor¬ 
rection ability of the bridge's firmware. 

Capacitance Verification Report 

To get a report summarizing the new capacitance verification 
data obtained with the CAL 2 command, issue the command: 

SHOW CALIBRATE 2 

This will produce the report shown in Figure 9-6 on remote 
devices. The equivalent windows in Figure 9-7 can be shown 
on the front panel. If you had not previously issued a CAL 2 
CAL command, the front panel will show the message 
C PiL dPEPi PbSEnb indicating that no new capacitance 
verification data exists. 

The second and third lines of the capacitance verification 
report are each similar to the first line of the internal verifica¬ 
tion report. The capacitance verification report has two lines 
instead of one because the AH 2500A maintains two sets of 
capacitance calibration data. One is the Update set and the 
other is the Original set. The bridge can use either set of data. 
The set in use is indicated by the first line of the report where 
a one indicates the Update set and a zero indicates the Origi¬ 
nal set. See “Selecting Update vs. Original Capacitance Cali¬ 
bration Data” below for more information. 
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The relative time and temperature verification conditions for 
each of these two sets of data are given. The same comments 
apply to the SHOW CAL 2 command as were discussed for 
the SHOW CAL 1 command in “Verification Conditions: SH 
CAL 1, 2 or 3 vs SH CAL” on page 9-5. 

Checking the Capacitance Verification Change 

The most important numbers in the capacitance verification 
report are the ones at the end of the second and third lines. 
These show the deviation of the new verification capacitance 
value from the stored Update and Original capacitance cali¬ 
bration values, respectively. The deviations are given in ppm. 
These numbers give the factor by which every capacitance 
measurement taken by the bridge will be changed (relative to 
the old values) if the new verification data is saved. 

You should understand tliat these deviations represent the 
sum of four sources of error: 

1. The absolute error in the old calibration values (Origi¬ 
nal or Update). 

2. The drift in the bridge in the time between obtaining the 
old calibration values and the new verification value. 

3. The change in temperature of the bridge between the 
time that the old calibration values were obtained and 
the time that the new verification value was obtained. 
This introduces an error of as much as 0.03 ppm/°C for 
non-Option-E bridges or 0.01 ppm/°C for Option-E. 

4. The absolute error in the new verification value. 

Unfortunately, there is no way to know how much error was 
contributed by each source. A knowledge of the relative 
degree of confidence in each source is usually the most there 
is to go on. A high degree of confidence should be placed in 
the Original calibration value and in the bridge's ability to 
maintain that value. Deviations of the new verification value 
from the Original value of more than about two ppm should 
be treated with skepticism. 

Saving the Capacitance Verification Data 

The new capacitance verification data obtained with the CAL 
2 command can permanently replace the current data by issu¬ 
ing the command: 

STORE CALIBRATE 2 

You will be prompted for a passcode immediately after issu¬ 
ing this command. You may enter either of the two allowed 
passcodes as explained in “THE CALIBRATION PASS- 
CODES” on page 9-17. This command takes a few seconds 
to execute and will display the r EHdd prompt when it is 
finished. I f no new capacitance verification data exists then 
the front panel will show the message I. Hi dPb P 
Pi b S E n b . This command does not store any internal verifi¬ 
cation data even though it may have generated such data. 


The new verification data is immediately stored as Update 
capacitance calibration data. Executing this command will 
also automatically set the capacitance Update switch to a 
one. All subsequent measurements will use the new calibra¬ 
tion data only if the Update/Original switch remains set to 
one (Update). 


NOTE 

ft is important to understand that the bridge maintains two 
sets of capacitance calibration data. The currently selected 
set determines which of two (usually totally different) cali¬ 
bration sources has calibrated the bridge. If this setting is not 
what you intend for it to be, then your capacitance calibra¬ 
tion source will not be what you think it is. 


Selecting Update vs. Original Capacitance 
Calibration Data 

The AH 2500A maintains two sets of capacitance calibration 
data. One is the Update set and the other is the Original set. 
The bridge can use either set of data. The set currently in use 
is determined by the setting of the capacitance Update/Origi¬ 
nal switch. This is a firmware switch that is stored in the 
EEPROM with the other calibration data. 

When the bridge is manufactured, the Update and Original 
calibration data sets are identical. If the bridge is later re-cal¬ 
ibrated with new capacitance data, this data will overwrite 
the data in the Update capacitance set but not in the Original 
capacitance set. This allows the bridge to be re-calibrated 
without losing the Original calibration values. This is useful 
because the Original values should be very accurate and are 
therefore useful as references. It is also useful to keep the 
Original values for historical purposes. 

The Update/Original capacitance switch may be changed 
with the following command: 

STORE CALIBRATE 2 SPECIAL update 

You will be prompted for a passcode immediately after issu¬ 
ing this command. You may enter either of the two allowed 
passcodes as explained in “THE CALIBRATION PASS- 
CODES” on page 9-17. The update parameter is entered as a 
“1” if the Update capacitance calibration data is to be used to 
take measurements. When update is entered as a “0”, the 
Original capacitance calibration data will be used. The state 
of the Update/Original capacitance switch can. be determined 
with the SHOW CALIBRATE and SHOW CALIBRATE 2 
commands. 
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The new internal and capacitance verification data obtained 
with the CAL 1, CAL 2 and/or CAL 3 commands can per¬ 
manently replace the current data by issuing the command: 

STORE CALIBRATE 


Only new sets of verification data that are present will be 
stored. You will be prompted for a passcode immediately 
after issuing this command. You may enter either of the two 
allowed passcodes as explained in “THE CALIBRATION 
PASSCODES’' on page 9-17. This command takes a few sec¬ 
onds to execute and will display the r £ RdR prompt when it 
is finished. The new verification data is stored in the same 
way as if a STORE CAL 1, STORE CAL 2 and STORE 
CAL 3 command were all executed. This command automat¬ 
ically sets the capacitance Update switch if that data was 
stored. Similarly, the transformer Update switch is set if that 
data was stored. If no new verification data exists then the 
front panel will show the message C PL dPbP HbSEnt. 

TRANSFORMER CALIBRATION 

The three ratio transformers (T101, T102 and T103) used in 
the AH 25Q0A are extremely linear and extremely stable. As 
a result, there is no provision to verify or calibrate these 
transformers in the non-Option-E version of the AH 2500A. 

However, the Option-E version of the bridge allows verifica¬ 
tion and calibration of the linearity of the more critical taps of 
these transformers on T101 and T103. The linearity is 
checked by performing internal intercomparisons of trans¬ 
former taps. No external reference transformer is used and no 
commercial ratio transformer has ever been made that is even, 
close to being good enough for this purpose. 

Obtaining Transformer Verification Data 

Obtaining the transformer verification data requires first con¬ 
necting a 1 pF to 1 pF three-terminal, six-decade capacitor 
box to the HIGH and LOW terminals of the bridge. The veri¬ 
fication will go smoothly if this box is accurate to +0.5 pF 
from 0 to 600 pF and to ±0.5% from 600 pF to 1 pF. How¬ 
ever, this box need not be traceable since the calibrated val¬ 
ues of its capacitors are not transferred to the bridge. It is the 
stability and settability of the capacitors in this box that are 
important. 

Once this is done, the command that initiates the transformer 
verification procedure is: 

CALIBRATION 3 


If internal verification data was recently generated then this 
command will quickly respond to a remote device with the 
prompt: 

SET CAP 308800.0 > 

9-12 Verification/Calibration 


or to the front panel display with the prompt: 

r 5Et ithp ] 

rTDDBM“i 


If no new interna! verification data exists, then about 30 min¬ 
utes will be taken to create new internal verification data. The 
front panel will display L PL br PE E b Li 5 R during this 
time. 

When the prompt message finally appeal s, you must set the 
decade capacitor box to exactly the value that is given by the 
prompt. Then press the [STEPl key on the front panel or enter 
X or STEP from a remote device. If the measurement was 
successful, another prompt will appear having a different 
value from the last. If the measurement was unsuccessful, the 
prompt will be repeated. This will occur until a successful 
measurement is taken or you abort the procedure with a 
DEVICE CLEAR. 

An unsuccessful measurement can be the result of a number 
of different flaws in the decade capacitor or the cables con¬ 
necting it. One of the most likely problems is that the decade 
box is slightly out of calibration. If this is the problem, the 
repeated prompt will indicate whether you should raise or 
lower the setting of the decade box. If you should raise it, the 
front panel will display a “ n ” in the lower right comer and a 
remote device will show a “ A ” to the left of the If you 
should lower it, the front panel will display a “ - ” in the 
lower right corner and a remote device will show a to the 
left of the 

If neither character is shown, then the problem was too much 
noise in the measurements. Rotate the knobs of the decade 
box back and forth to clean them. Also make sure the coax 
cables are as far as possible from power transformers includ¬ 
ing the one in the left rear comer of the AH 2500A. 

If none of these solutions work, abort the CAL 3 procedure 
and simply make an ordinary measurement of the decade 
capacitor at the setting that the CAL 3 command was calling 
for. If an error message is reported, then a gross problem 
exists. More likely, the decade capacitor is out of calibration 
so that an incorrect value was being set up. The decade 
capacitor can be re-calibrated or the value that is set up can 
be offset by the amount of error in the decade capacitor. The 
worst case occurs if the decade box has “holes” in its range 
so that it is impossible to set-up the required value. This can 
only be solved by re-calibrating or replacing the box. 

You do not need to be concerned about the possibility of 
incorrectly calibrating the bridge as a result of selecting the 
wrong capacitance. Each transformer verification measure¬ 
ment is either passed or failed by the bridge. If it passes, the 
measurement was good enough even if the decade capacitor 
box was not accurate. 

The CAL 3 command will prompt you a total of 20 times for 
new settings of the decade capacitor box. If you answer the 
prompts as soon as they appear, then the time taken to per- 
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form the CAL 3 will be about an hour. When you have suc¬ 
cessfully responded to all of these, the rERd d prompt 
will appear on the front panel. 

Transformer Verification Report 

To get a report on Option-E bridges summarizing the new 
transformer verification data obtained with the CAL 3 com¬ 
mand, issue the command: 

SHOW CALIBRATE 3 

If you had not previously completed the CAL 3 procedure, 
the front panel will show the message ERL dHER 
Rb5Enh indicating that no new transformer verification 
data exists. 

The SHOW CALIBRATE 3 command will produce the 
report shown in Figure 9-8 on page 9-14 on remote devices. 
An equivalent report can be shown on the front panel. 

The first three lines of the report in Figure 9-8 contain the 
same kind of information as the three lines of the capacitance 
verification report in Figure 9-6 on page 9-10. 

The first line indicates whether the Original or Update trans¬ 
former calibration data is being used by the bridge. See 
“Selecting Update vs. Original Capacitance Calibration 
Data” on page 9-11. 

The second and third lines of the transformer verification 
report show the elapsed time and temperature differences 
between the newly generated transformer verification data 
and the transformer data stored in the Update and Original 
sets. The same comments apply to the SHOW CAL 3 com¬ 
mand as were discussed for the SHOW CAL 1 command in 
“Verification Conditions: SH CAL 1, 2 or 3 vs SH CAL” on 
page 9-5. 

The bottom 34 lines contain the data for each transformer 
calibration point. These lines have the same basic structure 
and meaning as those in the internal verification report. They 
are discussed in “Interpreting the Calibration Point Data” on 
page 9-6 and in its subsections. 

The transformer verification report shows four groups of cal¬ 
ibration points. These are listed in Table 9-2 below. These are 
identified by type as to whether the data is used to verify and 
correct errors or whether the data is just used for verification. 


Table 9-2 The transformer verification groups 


Label 

Transformer Verification Groups 

Type 

AT 

Linearity of attenuator transformer taps ; 

Cal 

AL 

Inductance of attenuator transformer taps ■ 

Ver 

K 

Series resistance of attenuator relays 

Ver 

MT 

Linearity of main ratio transformer taps 

Cal 


Checking the Transformer Verification Data 

As with the internal verification data, the percent of range 
used for both I and Q should be checked for every calibration 
point to verify that none exceed 100%. Similarly, the devia¬ 
tion of the newly generated verification data relative to the 
stored data that is currently used (Update or Original) should 
be checked for every calibration point. The I and Q percent¬ 
ages for each of these must also be less than 100% and pref- 
erably less than 30% for all points except MT01 and MT02 
which should be less than 60%. Ratio transformers are very 
insensitive to temperature so the temperature at which the 
verifications are obtained should have little effect. If these 
checks pass, then you need not proceed any further with the 
transformer verification other than to save a copy of the veri¬ 
fication report. 

Calibration groups AT and MT are used to verify and, if 
needed, to correct the lineari ty of the main and attenuator 
ratio transformers (T101 and T103). These calibration points 
should be very stable to a level where they might never need 
to be stored. It is preferable not to arbitrarily store new trans¬ 
former verification data unless the report indicates deviations 
larger than what could be expected from normal scatter in the 
data. Arbitrarily storing new transformer verification data 
introduces small changes into the bridge's characteristics 
without improving its performance. (This is different from 
the case of the internal calibrations where frequent calibra¬ 
tions are desirable.) 

Calibration group AL is used to verify but not to correct the 
inductance of the attenuator taps. If the range-used percent¬ 
ages for these calibration points is too large, then there is a 
hardware problem in the bridge that must be repaired. 

Calibration group K is used to verify but not to correct the 
resistance of the attenuator relays. These calibration points 
should be watched more closely than any others because 
experience has shown that these relays are the most unreli¬ 
able component in the bridge. If a range-used percentage for 
one of these calibration points is too positive, then the corre¬ 
sponding relay must be replaced. Negative percentages indi¬ 
cate a problem with the relay connected to the next higher tap 
voltage, not with the relay having the negative percentage. 

Only in-phase calibration point values are reported for the 
AL and K calibration groups. All quadrature values are 
always reported as zeros for these two groups. 

Saving the Transformer Verification Data 

The new transformer verification data obtained with the CAL 
3 command can permanently replace the current data by issu¬ 
ing the command: 

STORE CALIBRATE 3 


You will be prompted for a passcode immediately after issu¬ 
ing this command. You may enter either of the two allowed 
passcodes as explained in “THE CALIBRATION PASS- 
CODES” on page 9-17. This command takes a few seconds 
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Figure 9-8 Example of results of SHOW CAL 3 command to remote devices (Option-E only) 


to execute and will display the r ERdd prompt when it is 
finished. If no new transformer verification data exists then 
the front panel will show the message ERL dRh R 
RbREnh. This command will store the internal verification 
data that it used to make its measurements. 


NOTE 

It is important to understand that the bridge maintains two 
sets of transformer calibration data. The currently selected 
set determines which of two (usually totally different) cali¬ 
bration sources has calibrated the bridge. If this setting is not 
what you intend for it to be, then your transformer calibra¬ 
tion source will not be what you think it is. 


The new verification data is immediately stored as Update 
transformer calibration data. Executing this command will 
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automatically set the transformer Update switch to a one. All 
subsequent measurements will use the new calibration data 
only if the transformer Update/Original switch is left set to 
one (Update). 

Selecting Update vs. Original Transformer 
Calibration Data 

The AH 2500A with Option-E maintains two sets of trans¬ 
former calibration data in the same manner that it maintains 
two sets of capacitance calibration data. (See “Selecting 
Update vs. Original Capacitance Calibration Data” on 
page 9-11.) One is the Update set and the other is the Origi¬ 
nal set. The bridge can use either set of data for its trans¬ 
former corrections. The set currently in use is determined by 
the setting of the transformer Update/Original switch. 
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Table 9-3 Components or assemblies which affect the Option-E transformer calibration points 


Calibration 

Points 

Signal 
name from 
tap related 
to this cal 
point 

In-phase 
tolerance 
equaling 
100% of 
range 

Ratio of range- 
used scale to 
non-Option-E 
deviation 
scales 

Standard 
Deviation 
of scatter 
in devia¬ 
tion values 

Corresponding components 
and assemblies which affect 
each internal calibration point 

AT 10 

M-0.5 

1.8 ppm 

3.5 

5% 

Absolute linearity correction of 
attenuator taps on T101 expressed 
as ppm of the vol tage at the tap 
being corrected. 

AT09 

M-0.2 

2.5 ppm 

5 

AT08 

M-0.1 

3.5 ppm 

7 

AT07 

M-0.05 

5 ppm 

AT06 

M-0.0167 

7 ppm 

AT05 

100T 

10 ppm 

7 

5% 

Absolute linearity correction of 
attenuator taps on T103 expressed 
as ppm of the voltage at the tap 
being corrected. 

AT04 

30T 

18 ppm 

AT03 

10T 

25 ppm 

AT02 

3T 

35 ppm 

7% 

AT01 

IT 

70 ppm 

10% 

AL07 

M-0.05 

0.35 ppm 

2 

7% 

Voltage error in T101 due to tap 
inductance in ppm of voltage at tap. 

AL06 

M-0.0167 

0.5 ppm 

AL05 

100T 

1.3 ppm 

Voltage error in T103 due to induc¬ 
tance of tap expressed as ppm of the 
voltage at the tap being corrected. 

AL04 

30T 

1.8 ppm 

AL03 

10T 

2.5 ppm. 

10% 

AL02 

3T 

3.5 ppm 

AL01 

IT 

7 ppm 

K117 

M-0.05 

0.350 

2 

7% 

Excess resistance of attenuator 
relays. The nominal relay resistance 
is usually 0.0750 but for some of 
these relays it may be as high as 
0.150. Labels are identical to those 
in Figure F-25 on page F-65. 

KIT 8 

M-0.0167 

0.25Q 

K119 

100T 

0.180 

K120 

30T 

0.130 

K133-K135 

10T, 3T, IT 

0.100 

MT09-MT05 

M0.9-M0.5 

0.08 ppm 

1.5 

10% 

Absolute linearity of main ratio 
transformer (T101) expressed as 
ppm of the voltage at the Ml .0 tap 

MT04 

M0.4 

0.08 ppm 

2 

MT03 

M0.3 

0.06 ppm 

MT02 

MO. 2 

0.04 ppm 

15% 

MT01 

M0.1 

0.03 ppm 

20% 

MTii 

M-0.1 

3.5 ppm 

7 

5% 

Error in the voltage of M-0.1 tap 
relative to the average of the volt¬ 
ages between all the other adjacent 
taps of the main ratio transformer 
expressed in ppm of the M-0.1 tap. 


The Update/Original transformer switch may be changed 
with the following command: 

STORE CALIBRATE 3 SPECIAL update 

You will be prompted for a passcode immediately after issu¬ 
ing this command. You may enter either of the two allowed 
passcodes as explained in “THE CALIBRATION PASS- 
CODES” on page 9-17. The update parameter is entered as a 


“1” if the Update transformer calibration data is to be used to 
take measurements. When update is entered as a “0”. the 
Original transformer calibration data will be used. 

The state of the Update/Original transformer switch can be 
determined with the SHOW CALIBRATE and SHOW 
CALIBRATE 3 commands. The SHOW CALIBRATE com¬ 
mand when issued from an Option-E bridge reports an addi¬ 
tional line as shown in Figure 9-1 on page 9-2. 
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LOSS VERIFICATION 

This section describes how to verify the phase shifter cir¬ 
cuitry in the bridge. There is no adjustment that can be made 
so this is a pass/fail test. 

Finding a Suitable AC Resistor Standard 

This verification requires a three-terminal AC resistance stan¬ 
dard with a value of 10.000 k Cl and an accuracy of 0.005% 
(0.0025% for Option-E) at 1 kHz. The actual value is not crit¬ 
ical, but the accuracy of the value is important. This is not a 
commonly available standard so several ways of finding such 
a standard will be described. 

1. The most expensive solution is to identify a commer¬ 
cial product that meets these specifications and to buy 
it. There are products that are physically capable of 
meeting these specifications, but usually the published 
specifications do not make this clear. It will also be dif¬ 
ficult to get direct calibrations of such products at 1 
kHz. NIST is planning to offer such calibrations begin¬ 
ning in about 1995. 

2. A slightly easier approach may be to use a resistance 
standard or decade resistor that is known to be very fre¬ 
quency independent from DC to 1 kHz. This can be 
used as a transfer standard to transfer the DC value to 1. 
kHz. There are commercial products that give the resis¬ 
tance error as a function of frequency. If such a product 
is calibrated at DC with an accurate standard, it will 
then be sufficient at I kHz. The initial accuracy and 
long-term stability of the transfer standard is not impor¬ 
tant since it will be calibrated anyway. The frequency 
independence is what matters. 

The transfer standard should be a three-terminal, device 
which means that it should be fully shielded. Often, 
these products are housed in a metal case but use 
unshielded banana jack connectors. If a banana jack is 
provided that is grounded to the case and if it has a 
standard 0.75 inch spacing from one of the two jacks 
that connect to the resistance, then commonly available 
BNC-to-banana adapters can be used to connect the 
coaxial cables from the bridge to the resistance transfer 
standard. One Pomona Model 1645 BNC-female-to- 
shielded-dual-banana-plug adapter and one Pomona 
1269 BNC-female-to-dual-banana-plug adapter will 
work. Since the resistance standard has only three 
banana jack posts, the ground on one of the banana 
plugs would not be connected to anything. The shielded 
adapter should be connected to the LOW terminal. 

Care should be used when a decade resistance box is 
used as the transfer standard. Boxes that have decade 
resistors above 1.0 kQ. per step may be too frequency 
dependent to use. Even though such higher values 
would not be needed for this test, their stray capaci¬ 
tance is present even if they are not switched in. 


3. The least expensive approach is to make your own 
transfer standard. This is actually easy to do. The key 
component is a 10 kO resistor that is stable and fre¬ 
quency independent. Common resistors such as a type 
R.N55C (50 ppm/°C) will work. A type RN55E (25 
ppm/°C) will work better. A type RNC90Y will work 
very well. The lower their temperature coefficient, the 
easier it is to transfer a value from DC to 1 kHz without 
having to worry about room temperature changes. 

The best choice is to buy a high quality precision resis¬ 
tor that is already specified to the desired level of accu¬ 
racy. Types that use the RNC90Y style construction are 
excellent. DO NOT use a wire wound resistor unless it 
is non-inductively wound. If your resistor has a metal 
case, the case must be grounded. 

An ordinary resistor is easily converted to a three-ter¬ 
minal one by installing the resistor in a metal box. A 
box with a female BNC connector at each end such as 
Pomona Model 2390 is suitable. The resistor should be 
iocated in the middle of the box to minimize stray 
capacitance to the box. DO NOT trim the value of the 
transfer resistor by paralleling with resistors having 
megohms of resistance. Such resistors are probably 
much more frequency dependent. 

Once this resistor box is calibrated at DC to an accu¬ 
racy of 0.005% (0.0025% for Option-E), it is ready to 
use. A resistor box made this way should be calibrated 
at DC before every verification. Furthermore, if there is 
concern about its stability or about room temperature 
variations, then its value should be rechecked after the 
verification is performed. 

Performing the Verification 

Once a trustworthy resistance standard is in hand, the actual 
verification is simple to perform. 

To do this, set the averaging time to seven and the loss units 
to series-kilohms. Connect the standard and take a few mea¬ 
surements. They, should all read 10.000 kQ to within 0.02% 
(0.01 % for Option-E). If this check fails, it might be that the 
ambient temperature is now too different from that at which 
the last internal calibration was performed. If this check still 
fails after verifying the internal calibration, the loss measure¬ 
ments may be failing the accuracy specifications of the 
bridge. To correct this, the AH 2500A (or its main board) 
must be returned to the factory for repair. See “REPAIR 
SERVICE” on page 1-7 and “Main Board (A 101) Removal 
and Installation” on page 12-8. 
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CHECK HIGH TERMINAL VOLTAGE 

Issue the command [VOLTAGE] H~| pT] lENTERl then, take a 
measurement with nothing connected to the measurement 
terminals. This will leave the HIGH terminal with 15 volts 
present. Using an AC meter with an accuracy of 1% or better, 
measure the voltage from the HIGH terminal center conduc¬ 
tor to ground. If the HIGH terminal output voltage is not 
within 5% of the nominal value (15 ±0.75 volts), it should be 
adjusted. The procedure for this is given in “Adjustment of 
HIGH Terminal Signal Level” on page 11 -22. 

CHECK THE BRIDGE FREQUENCY 

At the time the output signal level is checked as directed in 
the previous section, the frequency of this signal can be 
checked also. This is done by simply connecting a digital fre¬ 
quency meter to the HIGH terminal and taking a reading. The 
frequency should read 1.0000 ±0.00005 kHz. If it is margin¬ 
ally outside the tolerance, then the 4.096 MHz crystal oscilla¬ 
tor Y301 is out of tolerance. If it is off by factors of two, then 
there is a failure in the frequency division circuitry on the 
processor board A301 or the MUX board A401. ,See the 
chapter titled “Diagnosis and Repair” on page 11-1 for gen¬ 
eral repair information. 


THE CALIBRATION PASSCODES 

The AH 2500A uses three different passcodes to control 
access to the commands which change the calibration data. 
These passcodes are: 

1. The Owner passcode. This is the highest level pass- 
code. This passcode cannot be changed. It is accepted 
by every command which requires a passcode. It is the 
only passcode accepted by the STORE CALIBRATE 
CREATE commands which are used to change the 
other passcodes. 

2. The Calibrator passcode. This is the intermediate level 
passcode. This passcode is accepted by every version of 
the STORE CALIBRATE command. 

3. The User passcode. This is the lowest level passcode. 
This passcode is accepted only by the STORE CALI¬ 
BRATE 1 command. 

4. The Replace passcode. This is a very special repair 
passcode that only functions with /mra-option-E bridges. 
This passcode is only accepted by the STORE CALI¬ 
BRATE 2 CALIBRATE standardvalue command. See 
“Main Board Installation Procedure” on page 12-8 or 
“Standard Capacitor Installation Procedure” on 

page 1.2-12 for more information. 


These passcodes are intended to be applied in a specific way. 
The Owner passcode should be held by the owner of the 
bridge and revealed to no one else. If the owner of the bridge 
is the only user and the only person to ever perform a calibra¬ 
tion, then this will usually be the only passcode that ever 
needs to be used. 

If the owner wishes to assign the responsibility of fully cali¬ 
brating the bridge to another person, then the owner should 
give that person the Calibrator passcode. The owner can 
change the Calibrator passcode after the person doing the cal¬ 
ibrating is finished. 

Some applications may require that an internal calibration be 
performed frequently. This will be especially true for high 
precision work or for operation where the bridge's internal 
calibration needs to track significant changes in ambient tem¬ 
perature. In such cases, the owner may want to allow the 
operator to perform internal calibrations only. The owner can 
do this by providing the operator with the User passcode. The 
owner can change the User passcode after the operator is fin¬ 
ished taking measurements. 

If the main board or capaci tance standard is replaced, then 
the Replace passcode will be required to re-calibrate the 
bridge (if it is not an option-E). The consequences of using 
this passcode are that totally new internal and capacitance 
calibrations are performed and all past calibration history is 
lost. Due to the irreversible consequences of mis-using this 
capability, this passcode (and therefore the owner passcode) 
must be tightly controlled. Like the other changeable pass- 
codes, the owner can give this passcode to a repair person. 
When the repair is finished, the owner should change the 
Replace passcode. 

Changing the User Passcode 

The User passcode can be changed with the command: 

STO RE CALIBRATE CREATE 1 

After entering this command, you will be prompted for a 
passcode with the front panel message 0nr CadE. You 
must enter the Owner passcode. If the wrong passcode is 
entered, the message bRd P EISSE a cl E will appear on the 
front panel. 

After entering the correct Owner passcode, a second prompt 
will appear: LI 5 r L adE. You then enter a six digit number 
that you wish to be the new User passcode. 

If you are working from a remote device, you will also be 
prompted for the Owner passcode. The characters that you 
enter for the passcode will not be echoed. 
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Changing the Calibrator Passcode 

The Calibrator passcode can be changed with the command: 

STORE CALIBRATE CREATE 2 

This command functions identically to the STORE CALI¬ 
BRATE CREATE 1 command except that after entering the 
Owner passcode, you will be prompted with: E R L E a d E. 
You then enter a six digit number that you wish to be the new 
Calibrator passcode. 

Changing the Replace Passcode 

The Replace passcode can be changed with the command: 

STORE CALIBRATE CREATE 3 

This command functions identically to the STORE CALI¬ 
BRATE CREATE 1 command except that after entering the 
Owner passcode, you will be prompted with: r PL E o dE. 
You then enter a six digit number that you wish to be the new 
Replace passcode. 
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This chapter describes the detailed workings of the circuitry 
of the AH 2500A. If you have not read "BASIC BRIDGE 
CIRCUITS" on page 4-1 and preferably all of Chapter 4. 
“Measurement Essentials", you should do so before starting 
to read the analog circuit sections of this chapter. The basic 
bridge circuit that is used by the AH 2500A is explained and 
shown there in Figure 4-1 on page 4-1. The analog circuitry 
described in this chapter is an elaboration of the basic bridge 
shown in that figure. 

This chapter describes the AH 2500Aon two levels of detail. 
The higher level is based on block diagrams. There are two 
fundamental block diagrams presented: one is the Digital 
Circuits block diagram and the other is the Analog Circuits 
block diagram. The Analog block diagram is shown as two 
figures. One is the complete Analog Circuits Block Diagram 
shown in Figure F-2 on page F-5. The other is a more 
detailed diagram of the ratio transformer multiplying digital- 
to-analog converter shown in Figure 10-1 on page 10-3. 
These diagrams accurately reflect all circuits of the AH 
2500A and should provide sufficient understanding of the 
internal hardware operation of the AH 2500A for all but 
repair purposes. 

The lower level description of the circuitry is based on the 
schematic diagrams of the individual boards of the AH 
2500A presented in Appendix F, “Drawings and Parts Lists”. 
An understanding at this level of detail is intended for main¬ 
tenance purposes or to grasp a fine point of the AH 2500A’s 
operation. 


CAUTION 

The descriptions given in this chapter are intended to help 
understand and maintain the instrument. Subtle design 
considerations are not discussed and therefore the 
information given here is not suitable for making 
modifications to the instrument. Consult the factory before 
attempting any possible modifications. 


Notation 

A slash (/) is used to label signals that use a low voltage to 
represent a true condition. 

Every schematic in Appendix F, “Drawings and Parts Lists”, 
has a border showing the numbers one through four horizon¬ 
tally and the letters A through D vertically. These establish a 
course reference grid. The current chapter uses references 
such as “U335 in area 1A4” to mean that chip U335 is 


located on the first page of the schematic in grid square A4. 
This same notation is also used within a multi-page sche¬ 
matic in places where signals go from one page to another. 
This helps locate the signal name on the referenced page. 

DIGITAL CIRCUITS 
BLOCK DIAGRAM 

The block diagram of the digital circuitry is shown in 
Figure F-l on page F-3. This is a diagram of the circuitry 
contained on the processor, display and keypad circuit 
boards. The operation of the circuits is conventional and 
straightforward in most respects. 

Buses 

The diagram shows individual signal interconnections as sin¬ 
gle lines. Four groups of signal lines called buses are shown 
as double lines. Labels in each bus indicate the kind of sig¬ 
nals in that bus. If not all the signals in a bus connect to a 
block, then labels in the stubs that connect the bus to the 
block indicate which lines from that bus actually connect to 
the block. 

The names of the four major buses are Address, Data, Selec¬ 
tion, and Control. The Address bus contains the sixteen pro¬ 
cessor address signals (AO-A15). The Data bus contains the 
eight processor data signals (D0-D7). The Selection bus con¬ 
tains a miscellaneous assortment of timing and selection sig¬ 
nals. The Control bus contains four signals: reset (RESET), 
interrupt (IRQ), I/O clock (<j) s ), and the read/not-write signal 
(R-/W). With the exception of the R-/W signal, the “high 
true” vs.” low true” distinction is ignored by the block dia¬ 
grams and the related discussion. 

Clock Signals 

All clock frequencies in the AH 2500A except for the serial 
baud rates are derived from a single 4.096 MHz crystal oscil¬ 
lator (Y301). A binary frequency divider (IJ301) produces 
the 2.048 MHz clock signal for the processor. Another divi¬ 
sion by two followed by synchronization (U335) to the pro¬ 
cessor dock, provides the I/O clock (<j) s ) for some of the 
interface circuits that connect to the processor. The binary 
frequency divider further divides the clock to create timing 
signals of eight and sixteen kilohertz (8F and 16F). These are 
sent to the analog measurement circuitry where they are used 
to derive the one kilohertz test frequency used by the AH 
2500A. 
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Processor and Memory 

A 6502 series microprocessor is used with three different 
kinds of memory (RAM, EPROM, and EEPROM) (U304- 
U308) to form the basic computing circuitry. A power-fail 
detection circuit (IJ318) will reset the processor if the 5 volt 
supply falls too low. This reset signal is also routed to all 
other circuits in the AH 2500A that need to be initialized if 
the power fails. A write protect circuit (U331) helps ensure 
that the EEPROM is not accidentally written to. 

Timing and Selection Logic 

This is the one block in the digital block diagram where the 
detail has been greatly abbreviated. The actual circuitry con¬ 
sists of a collection of many gates and decoders. This block 
generates the signals that allow the processor to select which 
block it is to transfer data to or from on any given clock 
cycle. 

Rear Panel Interfaces 

The GPIB (U323) and serial (U329) interfaces are each 
implemented with integrated circuits (IC’s) designed specifi¬ 
cally for these functions. The serial interface IC implements 
both an RS-232 and a 20 ma. current loop interface. The RS- 
232 transmit and receive data lines can be swapped under the 
control of a latch (U339). Additional RS-232 control lines 
(RI, DCD, CTS, DTR, and RTS) are optionally available for 
use. The sample switch interface is implemented with a mul¬ 
tifunction IC (U326) called a PIA (Peripheral Interface 
Adapter) and some common line driver IC’s (U327, U337 
and U338). The external trigger input is readable by the pro¬ 
cessor using both one input of an octal latch (U320) and one 
special line to a PIA (U310). 

Front Panel Keypad 

The keypad is on a separate circuit board on the front panel 
connected to the processor board wi th a ribbon cable. The 
keypad switches (SW501-SW518) are connected in a two- 
dimensional array. This array is connected to a keypad 
encoder 1C (U309). The keypad encoder is, in turn, con¬ 
nected to a PIA (U310) which provides the interface to the 
processor. 

Front Panel Display 

The display is on a separate circuit board on the front panel 
connected to the processor board with a ribbon cable. The 
display consists of eight, dual seven-segment LED displays 
(DS501-DS508) and two quad LED displays (DS509 and 
DS510). The seven-segment LED’s are connected in a two- 
dimensional array which is driven using a multiplexed 
method. The anodes of the seven-segment displays are driven 
by transistors (Q501-Q504) which are controlled by a four- 
bit latch (U501). The cathodes of the seven-segment displays 
are driven directly by four octal latches (U503-IJ506). The 
two quad LED displays are driven directly (U507). All of 
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these latches are loaded from a single byte-wide latch (U317) 
and selected by signals from a decoder (U316). 

Analog Measurement Interface 

This interface (J303) connects to all of the analog measure¬ 
ment circuitry in the AH 2500A. The processor board uses an 
octal latching buffer (U311) to drive eight data lines (TD0- 
TD7) that provide control data to the analog measurement 
circuitry. Four address lines (A0-A3) and two selection lines 
(S2W and S3W) from the processor board allow control data 
to be multiplexed onto these eight data lines. A PI A (U310) 
provides a start-conversion signal (STCN) to an analog-to- 
digital converter. 

The processor board can read ten lines of digi tized data from 
the analog measurement circuitry. The most significant eight 
of these lines (AD2-AD9) are readable using a PI A (U310); 
the least significant two lines (ADO and ADI) are readable 
using two bits of an octal latch (U320). Two more bits of this 
latch are used to read the level detection signals (LEV A and 
LEV B). Another bit reads timing information from the 
power line. 

Option Board Interface 

A connector (J317) on the processor board provides proces¬ 
sor signals to allow operation of an internally mounted option 
board. These signals consist of the eight processor data lines 
(D0-D7), the four least significant processor address lines 
(AO-A3), three lines decoded from the processor address 
lines (S7, S12, SI02) and the four control lines (RESET, 
R-/W, 4> s , and IRQ). 

DIP Switch and Timers 

A PIA (U326) allows the microprocessor to read an eight 
position DIP switch that is on the processor board. This PIA 
and U310 both have a pair of programmable, 16 bit, internal 
counter/timers that can interrupt the processor. 

ANALOG CIRCUITS 
BLOCK DIAGRAMS 

The main analog block diagram of the AH 2500A is shown in 
Figure F-2 on page F-5. This is a diagram of the circuitry 
contained on the multiplexer, main and preamp circuit boards 
and as part of the capacitance standard assembly. This dia¬ 
gram contains two major blocks that are essentially identical 
to one another. Each is called a “Ratio Transformer Multiply¬ 
ing Digital-to-Analog Converter” and is abbreviated as 
“RTMDAC” or just “DAC”. An RTMDAC is shown in more 
detail in Figure 10-1 on page 10-3. 

Many blocks are connected by short arrows with the word 
“control”. These arrows are used to indicate the presence of 
binary control lines from the processor that set up functions 
in the associated block. 
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Figure 10-1 Ratio transformer multiplying D to A converter (RTMDAC) 


If there is a “most important part” in the AH 2500A, it must 
be the main ratio transformer (T101) shown near the left side 
of the main analog block diagram, Figure F-2 on page F-5. 
As shown in the basic bridge circuit in Figure 4-1 on page 
4-3, this transformer forms two of the four legs of the bridge. 
It also is responsible for the extremely high linearity and ratio 
stability of the AH 2500A. 

Sine Synthesizer 

The main ratio transformer must be energized with a high 
quality, one kilohertz, sine wave. To achieve good frequency 
stability, this sine wave is derived from the crystal-controlled 
processor clock. Two signals (8F and 16F) shown in the 
upper left corner of the main analog circuits block diagram 
come from the processor board. They are first processed by 
the alternate controller (U418 and U419) to create signals 
whose phase can periodically shift by 180°. This provides a 
way of rejecting external noise having frequencies near one 
kilohertz. 

The sine synthesizer (U408) produces a simple analog com¬ 
bination of three digital signals from the alternate controller. 


The signals needed to synchronize a phase-sensitive detector 
are also produced by U408. The full/half attenuator (Q101) 
allows the SYNTH signal to be passed unchanged or attenu¬ 
ated by one half under the control of the processor. The har¬ 
monics of the SYNTH signal are removed by the bandpass 
filter (U101.) to produce the desired sine wave. 

The main transformer drivers (U102, U103 and U104) pro¬ 
vide the power required to drive T101 near its saturation volt¬ 
age. Should anything load T101 to the extent that the drivers 
cannot fully energize the transformer, the overload detector 
(U'105) will produce a signal that indicates a “high to ground 
short” problem. 

Attenuator Leg of the Bridge 

The lower left leg of the basic bridge circuit in Figure 4-1 on 
page 4-1 is the attenuator (ATN) leg. Effectively, the function 
of this leg is to select the range of capacitance or loss that the 
AH 2500A is to measure. This requires selecting one voltage 
from a wide range of transformer taps. That voltage is con¬ 
nected to the external OUT (Device Under Test) through the 
HIGH terminal on the rear panel of the bridge. 
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The attenuator must provide the widest possible range of 
voltages since it is this range that is largely responsible for 
the wide range of capacitances that the AH 2500A can mea¬ 
sure. The higher attenuator voltages are provided by a wind¬ 
ing on the main ratio transformer (T101) having six taps. To 
get much lower voltages, a single turn winding on the main 
transformer drives another transformer (T103) called the 
attenuator transformer. This 250 turn transformer divides the 
single turn voltage from the main transformer into an addi¬ 
tional 250 parts. The attenuator transformer has five more 
taps that provide voltages as small as 1.0 or 0.5 millivolts. 

All of the attenuator taps are selected using reed relays. 
These preserve the low output impedance of the two ratio 
transformers. This low impedance allows one to think of the 
DUT as being driven by the HIGH terminal of the bridge. 

Variable Leg of the Bridge 

The upper left leg of the basic bridge circuit in Figure 4-1 on 
page 4-1 is called the variable leg. It is the most complex leg. 
After the attenuator leg has been set to the optimum range 
that corresponds to the value of the DUT, the variable leg 
must be adjusted so as to reduce the bridge imbalance to a 
minimum. 

Since the DUT will have both a capacitance and a loss, the 
variable leg must be able to independently balance both of 
these quantities. Since the AH 2500A uses capacitance (as 
opposed to resistance) standards as references, any current 
resulting from the capacitance of the DUT will have the same 
phase as currents flowing directly from T101 through the ref¬ 
erence capacitors. Thus the part of the variable leg of the 
bridge that balances the capacitive current from the DUT is 
called the “in-phase” part. The loss current from the DUT is 
balanced by the “quadrature” part of the variable leg. The 
currents flowing in the quadrature leg are 90° out of phase 
with currents flowing in the in-phase leg. 

In-Phase Relays and RTMDAC 

The in-phase part of the variable leg can be adjusted to a pre¬ 
cision of over seven decades. The two most significant 
decades (RD’s) use reed relays that directly switch voltages 
from the main ratio transformer to reference capacitors A and 
B. These two decades are identical except that the reference 
capacitors differ by a factor of ten from each other. The cur¬ 
rent. through a reference capacitor is very precisely propor¬ 
tional to the selected transformer voltage times the value of 
that reference capacitor. 

The remaining decades use the in-phase RTMDAC, also 
called the “IDAC”. Figure 10-1 on page 10-3 shows one of 
the RTMDAC’s combined with the operational amplifier 
(U128). This amplifier, when combined with input and feed¬ 
back resistors, forms a precision adder. The adder functions 
in the textbook manner where the output voltage is the sum 
of each input voltage multiplied by the feedback resistance 
(R 1.7IB) and divided by the corresponding input resistance. 
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This makes the precision adder and the associated input and 
feedback resistors, combined with the driven reference 
capacitor (C210C), functionally equivalent to a set of refer¬ 
ence capacitors. The value of an equivalent reference capaci¬ 
tor is equal to the value of C210C times the value of R171B 
divided by the value of an input resistor. 

To reduce the number of switching elements, each full 
decade in the RTMDAC’s uses a bi-quinary scheme. This 
requires the ability to switch an input resistor of the adder to 
seven different ratio transformer taps related to each other by 
voltage ratios of -1, 0, 2,4, 6, 8. and 10. A second input resis¬ 
tor that is ten times larger is switched to taps having voltage 
ratios of 0 or 10. Switching these two resistors to the avail¬ 
able transformer tap combinations will give the equivalent of 
any integer ratio from -1 to 10. This gives a total of twelve 
choices, the same as with the two most significant relay 
decades. All switching in the RTMDAC’s is done with 
CMOS analog switches rather than relays. 

Quadrature Phase-Shifter and RTMDAC 

The quadrature part of the variable leg (also called the 
“QDAC”) is virtually identical to the in-phase part except for 
two important respects. First, the quadrature part lacks the 
two most significant relay decades found in the in-phase part. 
This prevents the AH 2500A from measuring large capacitors 
that also have a high loss. However, large, quality capacitors 
are not likely to have a high loss. 

Second, the ratio transformer that drives the QDAC is not the 
main ratio transformer (T101), but rather an auxiliary one 
(T'102) driven by a signal that is accurately shifted in phase 
by 90°. This phase-shifted RTMDAC driving a reference 
capacitor is functionally equivalent to an un-phase-shifted 
RTMDAC driving a reference resistor. The QDAC is virtu¬ 
ally identical to the IDAC. 

The signal that drives T302 is created with a precision phase- 
shifting circuit (U106-UU0) known as the Series/Parallel/- 
Bypass circuit or S/P/B. This is actually composed of two 
independent 90° phase shifters operated in parallel with one 
another. The advantage of having two occurs if they can also 
be connected in series with each other. A series connection 
(made with Q103 and Q106 closed and Q.102, Q104 and 
Q105 open) causes them to produce an output signal that is 
180° out of phase with their input signal. If the input and out¬ 
put signals have the same amplitude and if they are combined 
in an adder, the output of the adder will be zero when the 
phase has been accurately shifted by 180°. If the 90° phase 
shifters are adjustable, this provides a way of calibrating 
them so that the sum of their phase shifts is correct. A parallel 
connection of the two (made with Q102, QI04 and Q106 
closed and Q103 and Q105 open) then provides a much more 
accurate 90° phase shift. 
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Internal Calibration 


The function of the preamplifier is to amplify the wide range 
of imbalance voltages that can exist at the center node of the 
bridge, particularly the nanovoit level signals that occur 
when the bridge is nearly balanced. With no DC bias voltage 
applied, the bias enable relay (K602) connects the center 
node of the bridge directly to one end of the DUT via the 
LOW terminal. While taking measurements, the operate/cali¬ 
brate relay connects the input of the preamplifier to the DUT. 
If a charged capacitor is connected to the input of the bridge, 
the DC on low detector will report that condition. This detec¬ 
tor will also report the presence of low frequency AC noise. 

The output of the preamplifier is further amplified by a wide- 
range, programmable gain amplifier (ACG). The ratio of the 
minimum to the maximum gain of this amplifier is ten thou¬ 
sand. The signal is then passed through a two-stage, one kilo¬ 
hertz, bandpass filter. Only signals near one kilohertz remain. 
Finally, the signal is monitored by a dual-level peak detector. 

In the event that measurements are to be made with a DC bias 
applied to the DUT, the bias enable relay (K602) will insert a 
blocking capaci tor between the DUT and the input of the 
preamplifier. The same relay also connects the DC bias input 
to the DUT through a bleeder resistor. Another relay (K603) 
allows a choice of two different values of the bleeder resistor 
(R643 and R644). 

Detector, Multiplexer and A/D. 

The output of the peak detector goes to the input of a phase- 
sensitive detector. This circuit produces two output signals. 
One is proportional to a component of the detector input sig¬ 
nal that has a specific phase with respect to the SYNTH sig¬ 
nal. The other is proportional to the component of the input 
signal that is shifted in phase by 90° relative to the first com¬ 
ponent. Each of these signals is passed through a low-pass 
filter (U406 and U407) to remove the remnants of the one 
kilohertz signals. The resulting signals (I and Q) are used to 
determine the relative amounts of imbalance in the in-phase 
and quadrature sections of the bridge. These and six other 
signals are switched one at a time through the eight-input 
multiplexer (MUX) (U410) to a programmable gain amplifier 
(DCG) (U411 and U412). The gain is set to maximize the 
signal levels for measurement by the following analog-to- 
digital converter (U416). This A/D measures the residual I 
and Q imbalance signals of the bridge. These can be used to 
calculate the three least significant digits of capacitance and 
loss measurements reported by the AH 2500A. 

The A/D also measures the other six inputs to the multi¬ 
plexer, several of which have already been identified. The 
TEMP signal comes from a thermistor in the area of the 
RTMDACs and is used to make temperature corrections. 
The OVEN signal indicates whether the oven in which the 
reference capacitors reside is at operating temperature. The 
PWRMON signal monitors a combination of power supply 
voltages. The M0.1R signal allows direct measurement of the 
main ratio transformer sine wave. 


To achieve the highest possible accuracy without using any 
more high precision components in its construction than nec¬ 
essary, the AH 2500A uses sophisticated firmware to inter¬ 
nally and automatically calibrate components of lesser 
precision. These components are calibrated against the very 
stable ratio transformers and against the largest reference 
capacitor. The largest reference capacitor is, in turn, intended 
to be periodically calibrated against primary or other very 
accurate standards. The interconnections needed to perform 
these internal calibrations are all shown in the block dia¬ 
grams. 

Every full decade in the variable leg of the bridge has the 
ability to select transformer taps having ratios of -1 and 10. 
This feature allows adjacent decades to be compared. If a 
gi ven decade is set to ~1 and the adjacent decade of lesser sig¬ 
nificance is set to 10. the sum of the results should be zero. 
The summation occurs at the center node of the bridge. Any 
non-zero result that is present here can be amplified and mea¬ 
sured by the preamplifier and A/D. The magnitude of the 
result is stored by the processor and is used to correct the 
decade of lesser significance. This scheme allows calibration 
of all the decades relative to the most significant one. The 
quadrature decades may be calibrated against the in-phase 
decades by bypassing the 90° phase shifters. This is done by 
closing Q105 and opening Q104 and Q106. 

POWER SUPPLY 

The power supply schematic is shown in Figure F-7 on page 
F-19. The power supply is a simple linear type to minimize 
the creation of unnecessary electrical noise (EMI). The 
power supply consists of a power line module, a transformer, 
and a printed circuit board. The power line module allows the 
selection of four different line voltages with which to power 
the AH 2500A. These different operating voltages are 
obtained by connecting the two primary windings of the 
transformer in series or parallel and by connecting to either 
all the turns of one of these windings or to 83% of the turns. 
The power line module is located on the rear panel of the AH 
2500A and contains an easily accessible fuse. 

The power transformer has two center-tapped secondary 
windings. One of these windings feeds a full-wave diode 
bridge (U704). The two outputs of this bridge each charge a 
3300 jiF capacitor (C705 and 0706). These capacitors pro¬ 
vide two sources of unregulated power of about +24 and -24 
volts. Each of these sources feeds a regulator, (U701 and 
11702) the outputs of which provide a source of regulated+12 
and -12 volt power. 

The other winding of the transformer feeds two diodes that 
charge a 15,000 pF capacitor (C711). Three capacitors 
(C703, C704, and C715) plus a resistor (R702) are present to 
attenuate EMI generated by the AH 2500A processor that 
might otherwise be conducted outside through the line cord. 
The voltage on C71.1 is regulated by U703 to provide five 
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volt power for the logic circuits of the AH 2500A. A crowbar 
circuit (Q701, VR701, R701, and C714) protects the logic 
circuits from overvoltage in the event that U703 fails. The 
crowbar works by detecting an overvoltage and responds by 
shorting the 5 volt supply to ground. This happens within 
microseconds and will cause the fuse (F702) to open. 

PROCESSOR BOARD 

The processor board contains essentially all of the high speed 
digital logic used in the AH 2500A. It is located on the top 
side of the AH 2500A chassis. 

Clock Circuits 

The circuitry described in this section is on the fourth sheet 
of the four processor board schematics in Figure F-1.2 on 
page F-31 

The ultimate source of all clock signals in the AH 2500A 
except for the serial baud rates is a 4.096 MHz crystal oscil¬ 
lator (Y301). 

The other clocks are derived from this by a binary divider IC 
(U301). Two of these clocks are <p 0 and (|) slow which are used 
on the processor board. The remaining two clocks are 8 F and 
16F which are eight and sixteen kilohertz. These are sent to 
the analog measurement circuitry where they are used to 
derive the one kilohertz test frequency used by the AH 
2500A. The 2.048 MHz clock, <|> 0 , directly drives the micro¬ 
processor. The 1.024 MHz clock, <j> s i ow , is supplied to the tim¬ 
ing circuits described below. 
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I/O Timing Circuits 

The circuitry described in this section is on sheet one of the 
processor board schematics in Figure F-9 on page F-25. 

All of the I/O (input/output) circuits use signals derived from 
a 1 MHz clock rather than from the 2 MHz clock that the pro¬ 
cessor uses. (For timing purposes, the EEPROM is consid¬ 
ered to be an I/O circuit.) Some special circuitry is used to 
create the 1 MHz signals and to synchronize them to the 2 
MHz signals. A “D” flip-flop (U335 in area 1A4) uses 62 
from the processor to clock ri S ] 0W to produce (j> s . This syn¬ 
chronizes <]) s to 4> 2 . The relationship of these three clock sig¬ 
nals to one another is shown by the top three traces in 
Figure 10-2. All I/O circuits that require a clock that is syn¬ 
chronized to the processor use (|> s . 

Every time an I/O circuit is addressed, the processor is forced 
to perform the read or write cycle at half its normal speed. 
This ensures that the cycle occurs at a speed that is compati¬ 
ble with the I/O circuit. Figure 10-2 shows the relationships 
between the required signals. When an I/O circuit address is 
requested by the processor, some address decoding logic 
(U314 pin 1 in area 1B2) indicates this by producing the sig¬ 
nal shown in the figure. This signal causes the output of a 
“D” flip-flop (U335 pin 9 in area 1 A3) to go high on the next 
rising edge of <f >2 as shown in the figure. The output of this 
flip-flop causes a gate (U334 pin 8 in area 1 A3) to pull the 
RDY line low. The processor will not change its address, 
data, and read/write lines as long as the RDY line is low. 

AH 2500A Capacitance Bridge 






The next negative-going transition of <j) s sets a J-K flip-flop 
(U339 in area 1 A3). The signal produced by the Q output of 
this flip-flop is shown in the figure. This signal is what grants 
the I/O address by enabling the 170 address decoder logic. 
Setting U339 immediately resets U335. Since U339 also 
drives U334. the RDY line continues to be held low. 

The next negative-going transition of <j) s clears the J-K flip- 
flop (U339). This disables the I/O address decoding logic. It 
also causes the RDY line to go high allowing the processor to 
complete the current read or write cycle. 

If a write cycle is in progress, the R-/W line will go low as 
shown in the figure. One of the signals generated during a 
write cycle is /WRS. As shown in the figure, this is a double 
pulse. Only the second of the two pulses causes data to be 
written. The first pulse never has any effect because it does 
not overlap the I/O address granted signal (U339 pin 3). The 
same situation exists with /RDS which also occurs as a dou¬ 
ble pulse. 

Reset Circuit 

The reset circuit is in area IA2 of the processor board draw¬ 
ings. It is composed of U318, R301, C301, VR301, and 
R302. The 3.3 volt zener diode (VR301) drops the 5 volt 
power supply level so that pin 2 of U31.8 can monitor that 
level. If the supply falls too low, pin 2 will cause U318 to 
trigger. This causes U318 to discharge C301 and the U318 
output to go from low to high. The output will go low again 
after the 5 volt power supply is high enough and C301 has 
had time to recharge through R301. The RESET signal gen¬ 
erated by U318 is used to reset the entire AH 2500A. It is 
also used to hold /WR and the EEPROM write enable circuit 
(U331) disabled until the 5 volt power is stable. 

Selection Logic 

Three decoder IC’s and an assortment of gates mostly on 
sheets one and four of the processor board schematics in 
Figure F-9 on page F-25 and Figure F-12 on page F-31 are 
used to generate the signals needed to allow the processor to 
select the various memory and I/O devices. 

Starting with the most significant address lines (A 14 and 
A15), a 1 of 4 decoder (1/2 of U303 in area 1B3) is used to 
divide the 65536 byte address space of the processor into 
four equal address ranges. A given output of the decoder is 
true for addresses falling within one of these four address 
ranges. The three decoder outputs (pins 5, 6 and 7) that are 
true (low) for the three highest address ranges are used to 
select the three EPROM memories. Using hexadecimal num¬ 
bers, these ranges are 4000-7FFF, 8000-BFFF, and COOO- 
FFFF. The lowest address range (0000-3FFF) causes pin 4 of 
U303 to be low. This range is further subdi vided. 

All of the remaining discussion under the Selection Logic 
heading assumes that an address within the range 0000-3FFF 
has been selected. If address line A12 or AI3 is false (low) 
then the output (pin 11) of U334 will be low. This will make 


pin 8 of a gate (U332 in area 1B2) true (low) for all addresses 
in the range 0000-2FFF. The signal from this pin is used to 
select the RAM memory 1C (U308 in area 1C1). This gives a 
usable RAM memory space of 6144 bytes. 

If address lines A12 and A13 are both true (high) then the 
output (pin 3) of U315 will be true (low). This will make pin 
1 of U314 true (high) for all addresses in the range 3000- 
3FFF. The signal from this pin is used to select the other half 
of the 1 of 4 decoder IC (U303 in area 1B2). The decoder fur¬ 
ther subdivides the 3000-3FFF range. 

All of the remaining discussion under the Selection Logic 
heading further assumes that an address within the range 
3000-3FFF has been selected. The enable input of U303 (pin 
15) is used as a timing qualifier so that the outputs of U303 
can never be true during the time when the address lines are 
changing. This makes these outputs “clean” so that they can 
be used to perform triggering in addition to selection. 

Pin 13 of U303 is used as an enabling input rather than as an 
address input. This means that U303 actually functions as a 1 
of 2 decoder and therefore only output pins 9 and 10 can be 
used. Address line A11 determines which of the two outputs 
is true. If the address is in the range 3800-3FFF) pin 9 is true 
(low). This is used to select the 2048 bytes in the EEPROM. 
If the address is in the range 3000-37FF, pin 10 is true (low). 
This address range is further subdivided. 

All of the remaining discussion under the Selection Logic 
heading further assumes that an address within range 3000- 
37FF has been selected. A 1 of 8 decoder (U322 in area 1B2) 
is used to decode 1/16 of this address range. Two gates 
(U332) and two enable inputs on U322 are used to enable 
U322 when A8, A9 and A10 are false (low) and A7 is true. 
This enables U322 only for addresses in range 3080-30FF. 

Pin 7 of U322 is true (low) creating /S7 which is used for 
selection on the option board for addresses in the range 30F0- 
30FF. 

Pin 9 of U322 is true (low) creating /S6 which is used to 
select the PI A U310 for addresses in the range 30E0-30EF. 

Pin 10 of U322 is true (low) creating /S5 which is used to 
select the UART (U329 in area 2C2) and the GPIB controller 
(U323 in area 2B4) for addresses in the range 30D0-30DF. 
The UART has a second chip select input (pin 2) tied to 
address line A3 so that the UART is selected for addresses in 
the range 30D8-30DF. Since A2 is not used, the UART actu¬ 
ally can be selected by two functionally equivalent address 
ranges: 30D8-30DB and 30DC-30DF. Address line A3 also 
goes to a gate (U330 in area 2D3). The output of this gate 
enables the GPIB controller for addresses in the range 30D0- 
30D7. 

Pin 11 of U322 is true (low) creating /S4 which is used to 
select the PIA U326 for addresses in the range 30C0-30CF. 
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Pins 12 and 13 of U322 are true (low) creating signals which 
are used to enable a pair of gates (U321 in area 1A1). These 
gates qualify the selection signals with a write strobe signal 
(/WRS) so that selection occurs only during a processor write 
cycle. The outputs of these gates (/S2W and /S3W) are fur¬ 
ther decoded by logic on the multiplexer board which loads 
the numerous latches on the analog boards, if either /S2W 
and /S3W becomes true, U315 in area IA1 creates DATLAT, 
the falling edge of which passes the corresponding byte of 
data through an intermediate buffer (U311 in area 3D2). The 
rising edge latches the data. Addresses in the range of 30A0- 
30AF and 30B0-30BF cause /S2W and /S3W, respectively, to 
become true. 

Pin 15 of U322 is true (low) creating a signal which is used to 
enable a gate (U314 in area 1.A1) for addresses in the range 
3080-308F. This gate qualifies this signal with a write strobe 
signal (/WRS) so that DISLAT is true only during a processor 
write cycle. The rising edge of this signal is used to pass the 
corresponding byte of data through an intermediate buffer 
(U31.7 in area 2C4). The falling edge latches the data. The 
same signal also enables a l of 8 decoder (U316 in area 2D4) 
which further subdivides the 3080-308F address range. 
Address line A3 is tied to the low-true enable input (pin 4) of 
U31.6 so that the decoded outputs are only true for addresses 
in the range 3080-3087. Seven of the eight outputs of this 
decoder are used to strobe the various latches on the front 
panel display board. 

Pin 14 of U322 is true (low) creating /S I which is further 
decoded by a 1 of 4 decoder (1/2 of U313 in area 4C2) for 
addresses in the range 3090-309F. 

Pin 6 of U313 is true (low) creating /SI2 which is used for 
selection on the option board for addresses in the range 3098- 
309B. Pin 4 of U313 is true (low) creating /S10 which is fur¬ 
ther decoded by another 1 of 4 decoder (the other half of 
U313 in area 4C2) for addresses in the range 3090-3093. 

Pin 9 of U313 is true (low) only for address 3093 creating 
/EEWREN which triggers the EEPROM write-enable 
monostable circuit (U331 in area 1 Cl). Pin 10 of U313 is 
true (low) creating /SI 02 which is used for selection on the 
option board only for address 3092. Pin 11 of U3I3 is true 
(low) only for address 3091 creating /S101 which enables an 
octal buffer (U320 in area 3 A4) to pass data from the analog 
boards through to the processor data lines. 

Memory 

The AFI 2500A uses three 16K byte EPROM (electrically- 
programmable, read-only memory) IC’s (U305-U307 in area 
1D2 and 1D3) operating in the address range 4000-FFFF. A 
single 8K byte RAM (Random-Access Memory) 1C (U308 in 
area 1D1) operates in the address range 0000-1FFF. Actually 
the decoding is for addresses 0000-2FFF so that, address 
range 0000-0FFF is indistinguishable from range 2000-2FFF. 


A single 2K EEPROM (Electrically-Erasable, Programma¬ 
ble, Read-Only Memory) IC (U304 in area 1D2) operates in 
the address range 3800-3FFF. This kind of non-volatile mem¬ 
ory storage is used in the AH 2500A so as to avoid the use of 
batteries. The limitation with this kind of memory is that it is 
only guaranteed to function reliably for 1.0,000 write cycles. 
For that reason, extensive error checking is incorporated into 
the firmware of the AH 2500A to ensure the integrity of the 
data. Since all the calibration data for the AH 2500A resides 
in this EEPROM. two protection schemes are used to protect 
the reliability of this data. First, the write-enable input to the 
EEPROM (pin 21) can only be activated after having previ¬ 
ously set a monostable (U331 in area 1BI). In other words, 
the firmware can only write to the EEPROM after having first 
written to U33L Furthermore, the write operation to the 
EEPROM must occur shortly after the write operation to 
U331 otherwise the monostable will time-out thus preventing 
the EEPROM from being written to. The second protection 
scheme uses the reset signal (/RESET) to immediately clear 
U331 as soon as a low voltage condition is detected on the 5 
volt power supply. This disables the write enable signal to the 
EEPROM under questionable power conditions. 

Software Timers 

Timing information used by the firmware is available from 
the two PIA’s (U310 and U326). These each have a compre¬ 
hensive internal timing di vider circuit that is accessible to the 
microprocessor. These timers are capable of interrupting the 
processor after a programmable time interval has elapsed. 

Serial Interfaces 

The serial interface IC (U329 in area 2C2) implements both 
an RS-232 and a 20 ma. current loop interface. Four type 
1489 RS-232 receiver logic elements (U328 in area 2C2) and 
three type 1488 RS-232 driver logic elements (IJ327 in area 
2B2) are used to create an RS-232 interface using RI, DCD, 
CTS, DTR, and RTS control lines in addition to the transmit 
and receive data lines. The control lines need not be used and 
can be disabled by tying them high using JP312-JP314. 
JP310 can be used to ignore RI and receive DSR instead. 

For convenience, the RS-232 transmit and receive data lines 
can be swapped using a bit in the AH 2500A BAUD com¬ 
mand. This is done using a relay (K301 in area 2A1-2C1) 
which is controlled by a latch (U339 in area 2C3). The latch 
is at the same processor address as the EEPROM write pro¬ 
tect monostable and is set or reset depending on the contents 
of data lines DO and DI. A transistor (Q302 in area 2A1) pro¬ 
vides the drive current for the relay. 
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Sample Switch 

The sample switch port is a general purpose interface having 
eight parallel output lines and one output control line. The 
latter is intended to serve as a strobe line. These nine lines are 
all taken from a PI A (U326 in area 4D4). These signals serve 
as inputs to type 1488 line drivers (U327, U337 and U338 in 
area 4D3) which provide levels at the rear panel connector of 
about +12 and -12 volts. All the major power supplies of the 
AH 2500A are available at this port so that limited amounts 
of power can be provided to external devices. See Appendix 
D. “Sample Switch Port” for a complete description of how 
to make connection to this interface and of how to use the AH 
2500A to control these lines. 

FRONT PANEL 

(KEYPAD AND DISPLAY BOARDS) 

The display and keypad boards are mounted directly behind 
the front panel of the AH 2500A. The keypad board simply 
holds the switches in place and connects them in a two- 
dimensional array. The two pages of schematics for these 
boards start with Figure F-15 on page F-37. 

Most of the display board is used to mount and drive eight 
dual seven-segment, common anode, LED displays. The six¬ 
teen seven-segment digits are wired in an array of four 
groups having four digits each. The anodes of every fourth 
digit are tied together. Four power transistors (Q501-Q504 in 
area 1C2) each drive one of these groups of anodes from the 
5 volt power supply. An octal latch (U501 in area 1D4) con¬ 
trols these four transistors. 

The cathodes of identical segment positions of the first four 
digits are tied together, the cathodes of identical segment 
positions of the fifth through eight digits are tied together, 
and so on. Since each digit has a decimal, point, each of these 
groups of four sequential digits has eight cathode lines whose 
currents must be selectively sunk to ground. This is done 
with four octal latches (U503-U506), one for each group of 
sequential digits. The current through each group of four 
LED’s is limited by an 82 fi resistor in series with each out¬ 
put of each of these four octal latches. The resistors are con¬ 
tained in four resistor networks (RN501-RN504). 

There are thus a total of five octal latches that control the 
seven-segment displays; four that sink the cathode currents 
and half of a fifth one that controls the anode currents. The 
microprocessor illuminates the seven-segment displays every 
fourth digit at a time. It does this by loading the four octal 
latches that control the cathodes with the data for every 
fourth digit. It then turns on the anode driver for 2.1 millisec¬ 
onds. This illuminates the desired LED segments. The micro¬ 
processor clears the data in the octal latches anytime from 0.1 
to 2.1 milliseconds after having been loaded, depending on 
the value of the Brightness level parameter. Since the data is 
inverted, the display is blanked for the remainder of the 2.1 
millisecond period. The microprocessor performs this opera¬ 
tion every 2.1 milliseconds, four times, before the cycle 


repeats. The cycle occurs 120 times per second which is fast 
enough that the viewer is not aware that the segments are not 
being simultaneously illuminated. 

The display segments are not designed to be driven continu¬ 
ously at the current levels used by the AH 2500A without 
causing possible damage to them. A monostable (U502 in 
1D3) protects against this event by shutting down the anode 
drivers unless the microprocessor is continuously active. The 
eight remaining LED’s on the display board are driven from 
an octal latch (U507 in 2D4) in a non-multiplexed manner. 
The variable brightness feature of the display is achieved by 
having the microprocessor vary the fraction of the time dur¬ 
ing each display cycle when the LED's are illuminated. 

PREAMP BOARD 

The two page schematic of the preamp board begins with 
Figure F-28 on page F-73.The circuits on the preamplifier 
(preamp) board are discussed in the order in which the signal 
flows through them. In addition, since the output of the 
preamplifier board goes directly to the multiplexer board, the 
discussion of this signal flow continues immediately in the 
next section on the multiplexer board. 

Input Protection 

Protection circuitry at the input of the preamp is essential not 
only to protect the preamplifier circuitry against excessive 
voltages applied to the LOW terminal of the AH 2500A, but 
also to protect the fused-silica reference capacitors which are 
connected directly to the LOW terminal. The reference 
capacitors are protected by a gas-discharge device (E60I in 
area 1C4) that will attempt to limit the LOW terminal voltage 
to less than 140 volts with respect to ground. This not only 
protects against excess voltages applied to the LOW termi¬ 
nal, but also against those applied to the DC BIAS input. 

The FET (Q601 in 1D2) at the input of the preamp must be 
protected against relatively low voltages. This is done using 
two diode strings, one for positi ve overloads (Q603, CR603 
and CR604) and one for negative overloads (Q602, CR605 
and CR606). These diode strings will clamp the input voltage 
to about ±2 volts. The current through these diode strings is 
limited by a series resistor (R645 (or L601 in older bridges)) 
and by a lamp (DS601). The lamp provides additional protec¬ 
tion for large overloads since its resistance may then increase 
substantially. 

A second lamp (DS602 in 1C4) protects die operate/calibrate 
relay (K601 in IC3) contacts. In calibrate mode, this relay 
shorts the LOW terminal to ground through DS602. If the 
AH 2500A were measuring a charged capacitor at the 
moment that K601 was closed, essentially the full charge of 
the capacitor would be absorbed by DS602. (The HIGH ter¬ 
minal has very low impedance and would dissipate very little 
of the charge.) 
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DC Bias 

The DC bias circuitry in shown in area 1D3. The original val¬ 
ues of the bleeder resistors (R643 and R644) are 1.0 megohm 
and 100 megohms, but these can be removed and other val¬ 
ues substituted. A two stage filter (R640, C62 I, R642 and 
C622) reduces any noise that might be present in an external 
bias power supply. If K603 is closed to select the lower of the 
two bleeder resistors, R642 is shunted by R64 I so that the fil¬ 
ter resistance does not contribute significantly to the bleeder 
resistance. 

Operate/Calibrate Relay 

To perform internal calibrations, the LOW terminal of the 
AH 2500A must be disconnected from the internal circuitry. 
Energizing the Operate/Calibrate relay (K601 in area 1C3) 
causes this disconnection. The relay also shorts the LOW ter¬ 
minal to ground through DS602 so that no signal from the 
LOW terminal can be capacitively coupled across the open 
relay contacts. 

In addition, the relay connects the preamp input (and thus the 
center node of the basic bridge) to a 2.2 kQ resistor (R637). 
The other end of this resistor can be switched to ground 
under processor control by Q608. The shunting action of this 
resistor causes a substantial reduction of the voltage at the 
input to the preamp. This ability is needed by certain test rou¬ 
tines whose action would otherwise overload the preamp. 



The preamp is basically a two stage, low noise, complemen¬ 
tary-pair FET amplifier (Q601 and Q606 in. ID 1 and 1D2). 
The N-channel/P-channel FET-pair provides good rejection 
of DC power supply variations. The clamping diode (Q604) 
across Q601 improves recovery from overload voltages. 

DC on Low Detector 

A transistor (Q605 in 1D2) and amplifier (U60'l in 1B2) are 
used to detect the presence of DC voltages on the LOW ter¬ 
minal. When detected, U601 drives the LOW terminal 
through a 200 megohm resistance (R609 plus R6I.0) to 
attempt to discharge small DC voltages that may be present 
across the DUT. For larger DC voltages on the LOW termi¬ 
nal, the output of U601 will be greater. This will cause the 
LOW terminal to be driven harder through a 250 k£2 resis¬ 
tance (R638 and R639) as a result of turning on one of two 
diodes (Q602 or Q603). This ensures that larger excess DC 
voltages are removed quickly. Filter capacitors (C605 and 
C608) prevent noise from being fed back to the input of the 
preamp. 

The output of U601 also passes through a two stage, low 
pass, RC filter (R612, C607, R611 and C606). This signal 
(DCONL) is sent to the A/D on the multiplexer board where 
its voltage can be read by the processor. This allows the pro¬ 
cessor to detect and report situations where a persistent DC 


voltage exists on the LOW terminal. An. adjustment (R615 in 
IB 1) allows setting DCONL to zero when the LOW terminal 
voltage is zero. 

Programmable Gain Amplifier 

To accommodate the wide range of voltages present on the 
LOW terminal, a programmable (variable) gain amplifier 
(ACG) follows the preamp. This is implemented using an 
operational amplifier (op-amp) and a l-of-8 CMOS analog 
switch (U602 and U603 in 2C3 and 2C4). The processor uses 
the analog switch to set the value of the feedback resistance 
for the op-amp. The switch shunts the unused part of the 
feedback resistance. The smallest feedback resistance is set 
with a trimpot to compensate for the variability of the inter¬ 
nal resistance of the analog switch. The gain of this stage is 
simply the sum of all the unshunted feedback resistors 
(R616-R625) divided by the 30 kQ input resistor (R608). 

Bandpass Filter 

The signal from the programmable gain amplifier is passed to 
a two stage filter to limit the signal to frequencies near 1.0 
kHz. Each stage (U604 and U605) is an infinite-gain, multi¬ 
ple-feedback filter. Additional gain is provided by the follow¬ 
ing stage of amplification (U606). This stage produces the 
PAMPOUT signal which goes to the peak detectors on the 
multiplexer board. 

MULTIPLEXER BOARD 

The two page schematic of the multiplexer board begins with 
Figure F-18 on page F-45. Most of the circuitry on the multi¬ 
plexer board is used to process the PAMPOUT signal from 
the preamp board. As a result, the discussion of the signal 
flow in the preamp board continues, in order, below. 

The multiplexer board circuitry also helps create the main 1.0 
kHz test frequency used by the AH 2500A. The discussion of 
the generation of the test frequency starts with the Sine Syn¬ 
thesizer section and continues in the order of the signal flow 
into the description of the main board. 

In addition, the logic used by the processor to select all the 
analog circuitry is on this board. 

Peak Detectors 

Two comparators (U401 in area 1C4) are set to switch at 
about 1.2 volts and four volts to monitor the PAMPOUT sig¬ 
nal. If a positive peak voltage greater than 1.2 volts occurs in 
the PAMPOUT signal, the output at U401, pin 7, will become 
negative. This will set the latch (U402, pin 8) making LEV A 
true if it is not already. Similarly, if a positive peak voltage 
greater than four volts occurs in the PAMPOUT signal, the 
output at U401, pin 1, will become negative. This will set the 
latch (U402, pin 6) making LEV B true if it is not already. 
LEV A and LEV B are digi tal signals which go directly to the 
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processor board. A low-pass filter (R405 and C421) ensures 
that unusually fast noise does not set the peak detectors. 

Phase-Sensitive Detector 

The PAMPOUT signal passes through a low-pass filter (R406 
and C401 in 1D3) and is buffered by an op-amp (U403) con¬ 
figured as a follower, A second op-amp (U404) provides an 
inverted version of the same signal. 

The heart of the phase-sensitive detector is a four-channel 
analog switch (U405 in 1D2). This switch acts on the normal 
and inverted PAMPOUT signals to produce two output sig¬ 
nals. One of these signals (I) is proportional to the compo¬ 
nent of PAMPOUT that is late in phase by 45° with respect to 
the SYNTH signal. The other output signal (Q) is propor¬ 
tional to the component of PAMPOUT that is early in phase 
by 45° relative to the SYNTH signal. The 90° relationship 
between I and Q is important, but the phase relationship of 
these two signals relative to the SYNTH signal is arbitrary 
but must be constant. 



Figure 10-3 Phase sensitive detector waveforms 


The way in which the analog switch accomplishes the detec¬ 
tion process is better understood by referring to the wave¬ 
forms in Figure 10-3. Waveform 1 is an example of how the 
PAMPOUT signal will sometimes appear. In this example, 
waveform 1 is out of phase with waveform FFD. Waveform 
FFD is one of the square waves generated by the sine synthe¬ 
sizer shift register (U408 in 1B3). When low, this signal turns 
on tlie section 3 switch of U405, passing the positive peak of 
waveform 1 to the input of the Q low-pass filter (U406 in 
1D1). 


When waveform 2 is high, the complement of the FFD signal 
turns on the section 1 switch of U405, passing the positive 
peak of the inversion of waveform 1 to the input of the Q fil¬ 
ter (IJ406). The shape of the signal that results at the input of 
the Q filter is shown as waveform 3 in the same figure. 

Notice that all of the area between the signal and the zero 
axis is above the axis. This means that the filtered signal (Q) 
will have a substantial DC component. 

Now consider what happens to the I signal in response to 
waveform 1. Waveform 1 in this example is shifted in phase 
by 270° with respect to waveform FFB. Waveform FFB is 
another of the square waves generated by the synthesizer 
shift register (U408). When low, this signal turns on the sec¬ 
tion 4 switch of U405, passing a positive-going crossing of 
waveform 1 to the input of the I low-pass Chebychev filter 
(U407 in 1C1). When waveform 4 is high, the complement of 
the FFB signal turns on the section 2 switch of U405, passing 
a positive-going crossing of the inversion of waveform 1 to 
the input of the I filter. The shape of the signal that results at 
the input of the I filter is shown as waveform 5 in the figure. 
Notice that half of the area between the signal and the zero 
voltage axis is above the axis and the other half is below. The 
area above the axis will tend to cancel the area below so that 
the filtered signal (I.) will have no DC component. 

The FFB signal is fixed in phase (early by 45°) with respect 
to the SYNTH signal and the FFB and FFD signals are 
shifted in phase by 90° relative to each other. Thus the I and 
Q signals are the results of detecting quadrature related com¬ 
ponents of the PAMPOUT signal relative to the SYNTH sig¬ 
nal. 

Multiplexer 

The multiplexer (MUX in area 2D3) uses a common l-of-8 
CMOS analog switch, its input sources are identified in the 
discussion on the Analog Block Diagram in “Detector, Multi¬ 
plexer and A/D.” on page 10-5. 

Programmable Gain Amplifier 

The op-amp (U411 in 2D3) and l-of-8 analog switch (U412) 
create a programmable gain, DC amplifier (DCG). The pro¬ 
cessor can set the gain to be one, two, four or eight. The ana¬ 
log switch connects the negative input of the op-amp to a tap 
on a series connected string of resistors (R426-R429). The 
feedback resistance between the output (pin 6) and the nega¬ 
tive input (pin 2) of the op-amp di vided by the input resis¬ 
tance from the negative input (pin 2) of the op-amp to ground 
gives the gain of the amplifier. Unity gain is a special case 
which is achieved by connecting R433 directly between the 
output and the negative input with no input resistor con¬ 
nected to ground. The remaining four switches in U412 are 
not used. 
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Figure 10-4 Sine synthesizer logic 


Analog-to-Digital Converter 

The single chip analog-to-digital converter (A/D) (U416 in 
2C2) produces a ten-bit output on ten signal lines. The result 
is available 10 to 30 jiseconds after the start conversion sig¬ 
nal (STCN) goes low. If the converter type is an AD573N, 
the data ready output (pin 18) drives the hi and lo byte enable 
lines (pins 19 and 20) to enable the ten data output lines. 

Selection Logic 

Also on the multiplexer board is the logic that the processor 
uses to select all of the registers that control the analog 
boards. This logic is on sheet two of the multiplexer schemat¬ 
ics shown in Figure F-l 9 on page F-47. This is just a continu¬ 
ation of the address decoding done on the processor board to 
create /S2W. Two l-of-8 decoders (U4 I7 and U420 in area 
2A3) are used to create /S50-/S5 A having addresses of 30A0- 
30AA. All are used as low true signals except for /S54 which 
is inverted by U418 to create S54. The addresses 30AB-30BF 
are not used. These are associated with the unconnected out¬ 
puts of U420 and the partially decoded signal (/S3W) from 
the processor. 

Sine Synthesizer 

The sine synthesizer (U408 in 1.B3) is found on the first sheet 
of the multiplexer board schematics. It and the alternate con¬ 
troller (U418 and U419) are also shown, more dearly, in the 
schematic of Figure 10-4. 


The heart of the sine synthesizer is a four bit shift register 
whose fourth bit complemented output is fed back to the 
input of the first bit. This causes the shift register to continu¬ 
ally cycle through eight states. The waveforms created by 
each bit are shown in Figure 10-5 on page 10-13. To always 
obtain the waveforms shown, it is essential that the shift reg¬ 
ister be initialized with the /RESET line. 

By combining the signals from the shift register in the appro¬ 
priate ratios, a good approximation of a sine wave is easily 
created. The AH 2500A combines the B, C and D waveforms 
so that the contribution from C and D is equal but the contri¬ 
bution from B is Jl times C or D. This is done by using 100 
k£2 resistors (R423 and R425) for C and D but a 69.8 kQ 
resistor (R424) for B. The summing point of these three resis¬ 
tors is the SYNTH node. The SYNTH waveform is shown in 
Figure 10-5. The relationship between the steps in the 
SYNTH waveform and signals B, C and D is easy to see. 

The SYNTH signal is routed through J410 in 2A4 to the main 
board where it ultimately drives the main transformer. The 
J420 connector in 1A1 is reserved for an option board that 
provides fine control of the voltage level of the SYNTH sig¬ 
nal (and thus of the signal applied to the DUT). A dedicated 
regulator (U409 in 1C3) powers U408 to ensure that the B, C 
and D signals are stable and noise-free. 
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Figure 10-5 Sine synthesizer waveforms 


Alternate Controller 

The function of the alternate controller (U419) is to periodi¬ 
cally shift the phase of the SYNTH signal by 180°. It does 
this by briefly doubling the clock frequency of the synthe¬ 
sizer shift register (U408). This causes one full cycle (1.0 
ms.) of the sine wave to occur in half the time it normally 
would (0.5 ms.). The periodicity with which this occurs is 
entirely under the control of the processor using firmware 
timers. 

When the processor decides that it is time to shift the phase 
of SYNTH, it sets the first alternate controller flip-flop 
(U4J9A) creating ALTEN. The second flip-flop (U419B) 
holds off the effects of ALTEN until bit C of the synthesizer 
shift register makes a positive transition. This makes COM- 
PRS go true synchronously with the shift register. The COM- 
PRS signal enables the gates (U418) so that exactly four 
extra clock pulses from the 16F clock are inserted between 
the clock pulses in the 8F clock pulse train. These signals are 
shown in Figure 10-5. This briefly doubled clock frequency 
causes the synthesizer shift register to shift at twice its nor¬ 
mal rate. This, in turn, causes the SYNTH signal to be cre¬ 
ated at twice its normal rate. This effectively inserts one 
cycle of a 2.0 kHz sine wave precursor into the normal 1.0 
kHz SYNTH signal. Every time this is done the phase of 
SYNTH will shift by 180°. The effect is easy to see in 
Figure 10-5. 


MAIN BOARD 

The main board and the standard cell assembly form three of 
the four legs of the basic bridge shown in Figure 4-1 on page 
4-1. Only the leg which contains the DUT is not on the main 
board because the DUT is external to the bridge. The six page 
detailed schematic of the main board begins with Figure F-21 
on page F-57. 

The discussion of the generation of the 1.0 kHz test fre¬ 
quency starts with the Sine Synthesizer section in the multi¬ 
plexer board description and continues in the order of the 
signal flow immediately below. 

Full/Half Attenuator 

The full/half attenuator allows the processor to control 
whether the main transformer has the maximum allowable 
voltage applied or only half of that value. This is used to pro¬ 
vide a wider selection of voltages from the HIGH terminal of 
the bridge than is possible with the taps on the main and 
attenuator transformers alone. It also provides a way of 
checking the voltage coefficient of the AH 2500A since it can 
change the voltage applied to the entire bridge. Such a 
change will not affect the balance point of the bridge if the 
voltage coefficient is zero. 

The state of the attenuator is controlled by a latch which pro¬ 
duces the signal FULSIG (pin 15 of U112 in area 2B4). 
When this signal is false (low), the P-channel FET (Q101 in 
area 1C3) is non-conducting and no attenuation of the 
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SYNTH signal occurs. When FULSIG is true (high), Q101 
conducts causing an AC current to flow from the SYNTH 
signal through a I jaF capacitor (003) and 8.66 resistor 
(R101) to ground. This additional current flow doubles the 
existing flow to ground (mostly through an 0.022 pF capaci¬ 
tor (002)) and thereby reduces the signal level at the junc¬ 
tion of 002 and 003 to half its unattenuated value. 

Bandpass Filter 

A bandpass filter greatly reduces the harmonics that exist in 
the SYNTH signal. Those harmonics are large for the seventh 
and above. This conventional filter is built using U101,002, 
004, R102, and R103 in area 1D3. 

Main Transformer and Driver 

The input to the main transformer driver is an adjustable gain 
stage (U102, R104, R105 and R109 in area 1D3). The vari¬ 
able resistor (R104) is used to set the voltage that drives the 
main transformer (T101) so that the maximum voltage avail¬ 
able from the HIGH terminal of the AH 2500A is 15 volts. 
The main transformer is designed so that it begins to saturate 
at only a few volts above that level. 

A low-pass RC filter composed of a 12.1 kfi, resistor and an 
0.022 tiF capacitor (R108 and Cl 10 in area 1D2) further 
removes harmonics from the original SYNTH signal so that 
an excellent quality sine wave is produced. 

The forty turn primary of the main transformer (T1.01 in 
1D1) is driven by a push-pull amplifier (U103 and U104 in 
areas 1D2 and I Cl) which produces a 10 volt "RMS signal, 
across it. A 22 pF blocking capacitor (Cl08) prevents any 
DC currents from flowing through T101. This blocking 
capacitor and other stray impedances introduce voltage drops 
in the driving circuit that make the sine wave across the pri¬ 
mary of TIOl less perfect than it would otherwise be. To cor¬ 
rect these errors, an error amplifier (U105) compares the 
difference between the desired sine wave and the actual main 
transformer voltage as measured from a tap (QIN). The error 
amplifier magnifies the error voltage by a factor of ten and 
applies the resulting correction voltage to the push-pull 
amplifier through a 100 kQ resistor (R110). 

In addition, the correction voltage (if any) is rectified by a 
diode (CR103) which charges a 0.1 pF capacitor (Cl 11). 

This rectified voltage is used to create the OVRLD signal 
which can be read by the processor using the A/D on the mul¬ 
tiplexer board. The presence of an OVRLD signal indicates 
that TIOl is overloaded, usually as a result of too much cur¬ 
rent flowing from the HIGH terminal to ground. When this 
occurs, the processor reports the “high to ground short" error 
by placing an “H” in the upper right comer of the front panel 
capacitance display. A resistor divider (R1.17 and R118) 
ensures that the OVRLD signal does not exceed the range of 
the inputs of the multiplexer (U410) on the multiplexer 
board. 


The main ratio transformer (T101) has five windings. The 
most important characteristic of T'lOl is that the voltage per 
turn for every turn of every winding is the same. This is true 
for every turn to an extremely high degree of precision. This 
is true even if some current is being drawn from the trans¬ 
former causing the voltage per turn io decrease slightly; the 
voltage per turn will decrease equally for all turns. Only if 
excessive currents are drawn will the voltage per turn start to 
become unequal among the windings. 

Quadrature Phase Shifter 

As explained in the section “Quadrature Phase-Shifter and 
RTMDAC" on page 10-4, the quadrature phase shifter actu¬ 
ally consists of two identical, independent, 90° phase shifters 
which are normally connected in parallel with each other. 
Each of these phase shifters consists, in turn, of two 45° 
phase shifters (U107 & U108 in area 2D3 and U1.09 & U110 
in area 2C3) connected in series. Each 45° phase shifter con¬ 
sists of an RC network (R120 & Cl 14, etc.) followed by a 
high input impedance amplifier (U107, etc.). The RC net¬ 
work does the actual phase shifting, while the amplifiers pro¬ 
duce a low output impedance to drive the next stage. The 
amplifiers (U107 and U109) associated with the first stage 
45° phase shifters are simply follower circuits. The amplifiers 
(U1.08, RI.24 & R125 and Ul 10, R134 & R136) associated 
with the second stage, 45° phase shifters provide a gain of 
two to restore the signal level lost by the two RC networks. 
The resistance in the second stage RC networks is composed 
of two resistors (R197 & R123 and R132 & R133). The first 
of each of these two resistors is selected at the time of manu¬ 
facture to get a total, phase shift of 90° from the output of the 
series connected 45° phase shifters. 

The 90° phase shifters are switched into their various config¬ 
urations using FET switches, N-channel FET switches (Q103 
and Q105) are used when a positive control voltage should 
close a switch. P-channel FET switches (Q102, Q104 and 
Q106) are used when a positive control voltage should open a 
switch. 

The control voltages are produced using two identical cir¬ 
cuits ((Q107 and Q108) and (Q109 and Q110) in area 2B3). 
These circuits convert the 0 to +5 volt range from the proces¬ 
sor controlled latch (U112) to signals having a range of -24 to 
-t-24 volts. The operation of the first of these two identical cir¬ 
cuits is described below. 

When the processor sets pin 10 of Ul 12 to 0 volts, this causes 
no current to flow through R143 into the base of Q107 which 
turns Q107 off. With Q107 off, no current flows through 
R144 into the base of Q108 turning Q108 off also. With 
Q108 off, there is no current through R146 which makes the 
collector of Q108 equal to the negative supply voltage of-24 
volts. 

When the processor sets pin 10 of Ul 12 to + 3 to +5 volts, 
this causes a current to flow through R143 into the base of 
Q107 which turns Q107 on. With Q107 on, a current flows 
through R1.44 into the base of Q108 turning Q108 on also. 
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With Q108 on, its collector voltage is equal to the positive 
supply voltage of +24 volts. 

Quadrature Transformer Driver 

The quadrature transformer driver (U 111 in area 2C2) gets its 
input signal from the output of the quadrature phase shifter. 
This 2 volt rms signal is obtained directly or indirectly 
(depending on the setting of the quadrature phase shifter) 
from the 0.8 tap of the IDAC winding of the main ratio trans¬ 
former. T101. The function of the quadrature transformer 
driver is both to provide sufficient current to drive the 
quadrature ratio transformer (T102) and to accurately 
amplify the signal from the quadrature phase shifter by 1.25 
so that the voltages across the IDAC winding of T101 and the 
QDAC winding of T'102 are equal to within about 0.1%. 

The 2 volt signal from the quadrature phase shifter goes to 
pin 3 of U111 where it is compared against the signal on pin 
2 of U111 which comes from the 0.8 tap (QSENS) on the 
quadrature ratio transformer, T102. The output of U11I on 
pin 6 produces a signal with an amplitude that causes the 
voltage across T102 (QDRV) to be 2.5 volts. It is the 1.25 
turns ratio of the 1.0 to 0.8 taps of T102 that causes U111, pin 
6, to drive T.1.02 so that the QDRV voltage is precisely cor¬ 
rect (2.5 volts rms). 

A blocking capacitor (Cl 20) is in series with T.1.02 to prevent 
any significant DC current from flowing through T102. 
Diodes (CR109, CR1.10) limit the voltage that can exist 
across Cl20. 

The two op-amps (U148A & B in 2A1) are used to correct 
for DC offset voltages in the amplifiers of the quadrature 
phase shifter. The quadrature phase shifter is DC coupled to 
the quadrature transformer driver so that the driver will 
amplify any DC offsets fed to its input. To cancel these, the 
output of Ulll is connected to an integrator (U148B). The 
integrated output is inverted (U148A) and fed to the negative 
input of U111 in such a way as to cancel any DC voltages 
applied to the positive input of U111. The integrator output 
continually adjusts until there is no DC voltage at the input to 
U148A. This insures that the blocking capacitor, Cl20, has 
only a very small DC voltage across it so that the diodes, 
CR109 and CR110, do not conduct. 

RTMDACTs 

The basic operation of the RTMDAC’s is discussed in the 
section “In-Phase Relays and RTMDAC” on page 10-4. 

The IDAC and the QDAC of the main board schematics in 
Figure F-23 on page F-61 and Figure F-24 on page F-63, 
respectively, are very similar to each other. They may, at first, 
appear to be very different from the simplified diagram in 
Figure 10-1 on page 10-3, but schematically, they are very 
similar to that figure. The schematics look different from the 
simplified diagram because the signal lines in the schematics 
are bussed and because the analog switch IC’s are shown in 
the schematics rather than the individual switching elements. 


There are two kinds of analog switch IC used. One is the 
4053 which can connect one of two inputs to a common out¬ 
put. The other is the 4051 which can connect one of eight 
inputs to a common output. The 4053’s are used in the “bi” 
part of the bi-quinary switching scheme. The 4051 ’s are used 
in the “quinary 7 ’ part of the bi-quinary switching scheme. In 
addition to their quinary function of selecting the five 0.2, 
0.4. 0.6. 0.8 and 1.0 taps of the ratio transformers, each 4051 
also can select the 0.0 tap (ground) and the -0.1 tap. Thus 
each 4051 actually selects a total of seven taps. 

The processor controls each bi-quinary decade by loading a 
four-bit latch consisting of a 74HC175. Three of these bits 
are used to control one 4051 and the fourth bit is used to con¬ 
trol one section of a 4053. 

The biggest difference between the simplified diagram in 
Figure 10-1 and the actual schematic is in the large value 
resistors shown on the simplified diagram. Die schematics do 
not show any large value resistors. Instead, they show resis¬ 
tive dividers that accomplish the same thing. These dividers 
allow smaller resistors to be tied to the common terminals of 
the analog switches of lesser significance. 

Die two RTMDAC’s share a single precision adder (U1.28 in 
area 3B1). The entire switched resistor network of both 
RTMDAC’s feeds into the input of U128. Similarly, two 
resistive dividers are each shared by both RTMDAC’s. The 
divider using R163 and R165 (in area 3B3) and other resis¬ 
tors causes any 2 MO resistors that are tied to the common 
point between R163 and R 1.65 to have the same effect as a 20 
MO resistor connected directly to the negative input of U128. 
Similarly, the divider using R137 and R140 (in area 3B3) and 
other resistors causes any 1 MO resistors that are tied to the 
common point between R137 and R140 to have the same 
effect as a 200 MO resistor connected directly to the negative 
input of U128. The operation of this area of the circuit is 
much easier to understand by referring to the simplified dia¬ 
gram in Figure 10-1. 

For most of each RTMDAC, the on-resistance of the analog 
switches is large compared to the resistors in series with them 
so that the effects of the on-resistance can be ignored. How¬ 
ever, for the most significant two decades this is not h ue. As 
a result, these decades use follower IC’s consisting of 
LM310’s and LM318’s to reduce the effective output imped¬ 
ance of the analog switches substantially below that of the 
analog switches by themselves. 

All of the analog switches in the RTMDAC’s are powered 
from ±5 volt supplies provided by two regulators (IJ129 and 
U130 in area 3A4). These supplies are used because the volt¬ 
age capabilities of the analog switches are not sufficient to 
operate from ±12 volt supplies. 
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Decade Relay Banks 

The basic operation of the decade relay banks (RDY) is dis¬ 
cussed in the section “In-Phase Relays and RTMDAC” on 
page 10-4 and is shown in the Analog Circuits Block Dia¬ 
gram Figure F-2 on page F-5. The schematic is in the upper 
half of sheet five of the main board schematic drawings 
shown in Figure F-25 on page F-65. The Analog Block Dia¬ 
gram shows the analog part of this circuit without any simpli¬ 
fications. 

A CD4514 one-of-sixteen latching decoder (U144 and U145 
in area 5D1 and 5D3) controls each decade. These decoders 
can be loaded directly from the processor. Twelve of the six¬ 
teen output lines from each decoder drive ULN2803A drivers 
which, in turn, drive the relay coils. The processor can close 
one relay in each bank at a time. 

Attenuator 

The basic operation of the attenuator (ATN) is discussed in 
the section “Attenuator Leg of the Bridge” on page 10-3. and 
is shown in the Analog Circuits Block Diagram in Figure F-2 
on page F-5. The schematic is in the lower left corner of sheet 
five of the main board schematic drawings shown in 
Figure F-25 on page F-65. The Analog Block Diagram shows 
the analog part of this circuit without any significant simplifi¬ 
cations. The selection of the attenuator relays uses U1.46 and 
occurs in exactly the same manner as described above for the 
decade relay banks. 

Oven Controller 

The oven controller controls the power that keeps the stan¬ 
dard cell assembly at a very constant and repeatable tempera¬ 
ture when the AH 2500A is operating. The schematic for the 
oven controller is located on sheet six of the main board 
schematic diagrams shown in Figure F-26 on page F-67. 

The oven controller is a purely linear design. Its input is 
taken from a high-stability resistance bridge (R201, R202, 
R203 and RT201 in area 6C4) located on the standard cell 
assembly. The voltage at the junction of R203 and the ther¬ 
mistor, RT201, is an indication of the cell temperature. The 
magnitude of this negative voltage decreases as the cell tem¬ 
perature increases. The processor monitors this voltage and 
hence the cell temperature via the OVEN line. Resistors 
R201 and R202 form a high stability divider against which to 
compare the cell temperature. The objective is to raise the 
temperature of the cell until the voltage at the center points of 
the two anus of the bridge is precisely equal. 

The high precision op-amp (U201) compares the two halves 
of the resistance bridge. This op-amp is configured as an inte¬ 
grator using an 0.47 pF capacitor (C202) and a 33 MQ resis¬ 
tor (R206) to produce a long time constant. As the cell 
reaches its operating temperature, the output of U201 wall 
stabilize at a DC level which reflects the amount of power 
needed to keep the cell at its operating temperature. 
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The next stage (U202) is a linear amplifier with several lead 
and lag circuits that are needed to make the controller stable. 
The dynamic behavior of the controller is designed to be 
underdamped, with the oscillations falling at least a factor of 
three on every cycle. A resistor (R210) biases the positive 
input of U202 slightly negatively so that the output of U202 
is also shifted negatively. This is done because U202 operates 
from symmetrical plus and minus 12 volt power supplies but 
dri ves a power circuit operating between ground and -24 
volts. The op-amp, U202, drives a transistor (Q203) which 
gives an additional gain of about ten. The transistor, Q203, 
drives a darlington transistor pair (Q201 and Q202) which 
control the current through the heater on the cell. The power 
transistor, Q201, is located on the cell since a significant 
amount of power is dissipated by this transistor which helps 
to heat the cell. 

STANDARD CELL ASSEMBLY 

The standard cell assembly consists of three fused-silica 
capacitors enclosed in a hermetically sealed cell. This cell is 
located in an insulated box which allows the cell to be very 
precisely temperature controlled. A flexible circuit is 
attached to this cell that holds and makes connection to some 
of the parts associated with the oven controller described 
above. 

Reference Capacitors 

The three reference capacitors (C210A, C2.10B and C210C) 
are connected to the rest of the bridge as discussed in the sec¬ 
tion “In-Phase Relays and RTMDAC” on page 10-4 and as 
shown in the Analog Circuits Block Diagram in Figure F-2 
on page F-5. The details of the interconnections are shown in 
area 5B2 in Figure F-25 on page F-65. 

The three reference capacitors are tied to a common point 
(STCOM). This is carefully shielded and brought out of the 
standard cell oven box through a coaxial cable to the preamp 
board. The other ends of the three reference capacitors are 
brought out of the standard cell oven box via the flexible cir¬ 
cuit. A connector (P214) on the end of the flexible circuit 
plugs into the main board. 
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The purpose of this chapter is to describe how to repair an 
AH 2500A that is suspected of having a problem. If there is 
no reason to suspect that a problem exists, then there will be 
little reason to read any of this chapter. 

If you believe that your AH 2500A is functioning properly, 
but you wish to verify this, see Chapter 9, “Verification/Cali¬ 
bration”. It is important to know that the function of calibrat¬ 
ing or verifying a bridge is a totally different operation from 
the diagnostic tests described in this chapter. 

The routines that verify the AH 2500A perform very demand¬ 
ing tests that will only pass if the bridge is performing to its 
published specifications. On the other hand, the diagnostic 
tests described in this chapter perform few demanding tests. 
Almost all of these tests are simple in nature. Each test is 
designed to exercise as little circuitry as possible so that if a 
test fails, only a small amount of circuitry is suspect. 


REPAIR PHILOSOPHY 

You can approach the problem of diagnosing and repairing 
the AH 2500A in at least four different ways or in any combi¬ 
nation thereof. These are: 

1. Send the bridge to the factory for repair. 

2. Identify the subassembly that needs repair and send that 
to the factory. 

3. Identify and replace the subassembly that has failed. 

4. Identify and replace the specific component that has 
failed (resistor, IC, etc.). 

Which of these you choose will depend on the time and 
expense involved in shipping to and from the factory, your 
ability to stock spare subassemblies, and your access to local 
repair expertise. 


Table 11-1 Some abbreviations used in this chapter 


Abbreviation 

Full name 

Description 

Applies to 

=> 

Implies 

One thing implies another thing 

relationships 

ACG 

AC Gain 

The variable gain control circuit in the preamp 

U602, U603, U609 

A/D 

Analog-to-Digital 

Converter 

The 10-bit analog-to-digital converter used to read 
most signals in the bridge 



ATteNuator 

The circuit used to dri ve the HIGH terminal 


MB 

Digital-to-Analog 
Converter 

The RTMDAC circuit used to precisely select volt¬ 
ages from the main and quadrature transformers. 

See “RTMDAC's” on page 10-15. 

Sheets 3 & 4 of main 
board schematics 


DC Gain 

The variable gain control circuit on MUX board 

U4U. U4I2, U41.3 

FS 

Full Scale 

The largest signal that can be measured by the A/D 

U416 

IDAC 

In-phase DAC 

The half of the RTMDAC that selects voltages 
from the main ratio transformer 

Sheet 3 of main 
board schematics 

max 

maximum 

Usually used to mean the larger of two signals 


MSD 

Most Significant Decade 

The most significant decade of one of the DAC's 

U122, U 3 38 

MSRD 

Most Sig. Relay Decade 

The most significant relay decade 

UI.45, K121-132 

MUX 

Multiplexer 

The circuit that selects the signal read by the A/D 

U410 

p/o 

part of 

Only part of the item following “p/o” is applicable 


QDAC 

Quadrature DAC 

The half of the RTMDAC that selects voltages 
from the quadrature ratio transformer 

Sheet 4 of main 
board schematics 

RD 

Relay Decade 

One of two groups of twel ve relays used to select 
voltages from the main ratio transformer 

U144, K 1.01-112, 

U145, K121-132 

S/P/B 

Series/Parallel/Bypass 

The circuit used to create signals that are phase- 
shifted by 180°, 90°, and 0° respectively 

Sheet 2 of main 
board schematics 
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The repair philosophy of this chapter supports all of the 
above options. The self-tests built into the AH 2500A are 
capable of localizing many failures well enough to be able to 
perform repairs by replacing either the lowest level part that 
has failed or the subassembly that contains the part. Whether 
this is practical or not depends upon the particular failure and 
your available expertise. 

Consult the Factory 

If you are able to, a brief discussion with the factory (via 
phone or fax) will often determine whether or not a problem 
is easy to fix locally. Since the factory maintains historical 
failure statistics, the factory can often help by identifying a 
particular part that is the likely source of failure 

PRELIMINARY TROUBLESHOOTING 

If you believe your bridge has a problem and you have not 
read this chapter previously, you will want to familiarize 
yourself with this section first. 

Abbreviations Used 

There are a number of terms used in this chapter to describe, 
primarily, different major sections of the circuitry in the 
bridge. Some of these terms are too long to use frequently so 
a number of abbreviations have been defined to use in their 
place. Table 11-1 lists these abbreviations. In addition, many 
signal names are used that are not listed in this table but 
which are found in Chapter 10, “Circuit Descriptions” and in 
the schematics in Appendix F, “Drawings and Parts Lists”'. 
Major subassembly names and their reference numbers are 
shown in Figure 11-3 and Figure 11-4 at the end of this chap¬ 
ter. 

Recommended Tools and Equipment 

The following list gives the minimum tool and equipment 
requirements needed to diagnose a problem in the AH 
2500A. 

1. Phillips #2 screwdriver 

2. Multimeter with an AC voltage accuracy of 1 % and an 
input impedance of at least 10 megohms. 

3. Metered and current limited 0-250VDC, variable, lab 
power supply. 

4. BNC to dual male banana plug cable to connect power 
supply to a female BNC jack. 

5. 'triggered DC-50 MHz oscilloscope and probe 

6. 1000 pF three-terminal capacitor 

7. Andeen-Hagerling DCOAX-1 -BNC (or equivalent) 
coaxial cable pair with male BNC ends. 

8. Two BNC Tee adapters 
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9. One BNC 500 terminator 

10. One male BNC to binding-post adapter, 

11. One 2 kO and one 10 kO 5% carbon resistor 

12. Tools suitable for soldering and unsoldering parts on 
printed circuit boards. 

While there are certainly other items that might be useful, if 
the ones listed aren’t sufficient to find the problem, chances 
are that other or more powerful tools won't either. The kinds 
of problems that may be encountered require the skill to be in 
the technician, not the equipment. 

Before You Start 

Significant diagnostic work can be performed on an AH 
2500Aon either of two levels. 

1. All of tlie diagnostic self-test routines can be performed 
without removing the covers of the bridge. Thus, you 
may be able to isolate the area in which a failure has 
occurred without opening the bridge. 

2. After everything possible has been done with the cov¬ 
ers still on the bridge, further diagnostic and repair 
work can only be done by working inside. This should 
only be done by an experienced technician in order to 
protect both the worker and the equipment. 


WARNING ! 

Voltages high enough to cause a serious shock may be 
present in three areas of the bridge. All but the DC bias con¬ 
nector are normally covered even when the top and bottom 
covers of the bridge have been removed. However, further 
disassembly can expose these voltages. These exist in the 
area of the power line module, the front panel power switch, 
and in the preamp box and on the DC bias connector if an 
external DC bias is applied. See Figure 11-3 and Figure 11-4 
at the end of this chapter for the location of these four areas. 


Understanding the Circuitry 

Any serious troubleshooting requires a good understanding 
of how the suspected circuits operate. The relevant sections 
of Chapter 10, “Circuit Descriptions” should be read. The 
relevant parts of the block diagrams and schematics in 
Appendix F, “Drawings and Parts Lists” should be studied 
before attempting any repairs. 

Removal of Covers 

While the removal of covers is fairly straightforward, there 
are a few tricks that will make the job easier and will reduce 
the chances of damaging the bridge in the process. For the 
reasons given in the caution message below, it is important to 
understand the correct way to remove the covers so that 
unnecessary disassembly is avoided. 
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Table 11-2 Actions to take in response to possible failure symptoms 


Symptoms 

Possible problems 

Actions to take 

No indicators illuminate on the 
bridge front panel. 

No power from line. 

Check power line. 

Bridge fuse is blown. 

Replace fuse with proper size. See “Checking/Replacing 
the Fuse” on page 1 -6. 

Bridge fuse blows soon after 
power-on. 

Bridge power supply 
(A701) is overloaded. 

Unplug A701 output P702. If fuse still blows, repair or 
replace A701 orT701. Otherwise, further isolate the 
excess load by unplugging other subassemblies. 

Bridge power supply 
is defecti ve. 

Repair or replace A70I or T701. 

No indicators illuminate on the 
bridge, front panel, but fuse is OK 
and power line has power. 

Processor bd. (A301) 
failed. A501 unplugged 

Check the 5 V power supply at connector J302 on A301. 

If it is within 4%, repair or replace A301. 

Five volt power sup¬ 
ply is bad on A70L 

Check/replace 5V PS fuse (F702). Check/replace 5V 
regulator (U703) and diodes CR701 and CR702 

Bridge does not indicate completion 
of the power-on self tests by putting 
a message on the front panel display. 

Processor board 
(A301) failure. 

Check the 5V power supply at connector J302 on A30L 

If it is within 4%, repair or replace A301. 

Bridge completes power-on self¬ 
tests but reports an error message on 
its display. 

The reported error 
message indicates the 
problem. 

The power-on self tests are identical to the group one 
diagnostic tests explained in section "‘Processor and 

Front Panel Tests” on page 11-14. Refer to that section to 
proceed further. 

Bridge completes the power-on seif- 
tests successfully by reporting 

CPU tCSt PPSSEd on front 
panel display, but won’t accept com¬ 
mands from the front panel keypad. 

Keypad (A502) is 
locked out, keypad is 
defective or U309 or 
U310 on processor 
board (A301) is defec¬ 
tive. 

Press [LOCAL |. If L UC PL i ac out appears then Nre- 
mote and Nlocout states are set in the Baud 1 parameter 
set. Clear these settings from a remote port or set posi¬ 
tion 1 of SW301 on, apply power to the bridge, press 
i fun cl 1 store! IfuncI I baud I fT] [enter], and reset 
position l of SW301 off. Check/replace W506, U309 or 
U310. Otherwise replace A502 or A301, 

Bridge gets an H error indication on 
the front panel with each measure¬ 
ment result. 

HIGH terminal is over¬ 
loaded by a low imped¬ 
ance to ground. 

Disconnect the HIGH and LOW cables to the bridge. 

Bridge gets an H error indication on 
the front panel with each measure¬ 
ment result with nothing connected 
to the HIGH and LOW terminals. 

An ATN or RD relay is 
stuck closed, HIGH 
terminal voltage set too 
high 

Run the Relay Decade and Attenuator diagnostic tests 
with particular attention to the stuck reed tests. If these 
pass, refer to “Adjustment of HIGH Terminal Signal 
Level” on page 11-22 

Bridge gets error message (other 
than H) on the front panel with each 
measurement result and with noth¬ 
ing connected to the HIGH and 

LOW terminals. 

A problem exists 
somewhere in the mea¬ 
surement circuitry in 
A10.1, A401, A601, 
C210, or interconnect¬ 
ing cables. 

Perform the tests described in “Checking Power Supply 
Voltages” on page 11 -4. If these are correct, then run all 
the diagnostic self-tests described in this chapter. 

Actions to be taken in response to tests that fail are 
described with the individual test descriptions. 

Bridge may appear to be working, 
but fails calibration/verification. 

OVEN NOT READY front panel 
indicator never goes out. 

The oven, its control¬ 
ler, or the oven monitor 
has drifted or failed. 

Run the diagnostic self-tests. If they pass, the oven or its 
control circuit on the main board is bad. 

Bridge exhibits an intermittent 
failure. 

A loose or corroded 
contact or mechanical 
damage exists some¬ 
where. 

Run all non-interventional diagnostic self-tests and any 
that require intervention that are suspected of being rele¬ 
vant. While running these tests, subject the instrument to 
whatever environmental stress seems to trigger the inter¬ 
mittent behavior. The most common stresses that cause 
intermittents are vibration and temperature changes. 
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Unlike many low-frequency instruments, the chassis of the 
AH 2500A is considered to he part of its precision 
measurement circuitry. For this reason, the screws that hold 
the printed circuit hoards and the various mechanical parts 
together must be considered to he critical components. Not 
only must every single screw that is removed he replaced, but 
these screws must he torqued to the values listed herein using 
a calibrated torque screwdriver where specified. It is 
extremely important that all work inside the AH 2500A 
strictly follow the procedures in Chapter 12, “ Disassembly2 
Reassembly ”. 


Ground Reference Points 

Every printed circuit board assembly except for the power 
supply and keypad has a convenient ground post. This pro¬ 
vides for easy connection of a ground test lead such as that on 
an oscilloscope probe. The post is a round turret-style and is 
identical on all boards. This post style is not used for any 
other purpose in the bridge. The recommended ground refer¬ 
ence point on the power supply is the negative end of the 
largest capacitor €711. This end is in the middle of the board. 
All ground reference points are identified in Figure 11-3 on 
page 11-40 and Figure 11-4 on page 11-41 at the end of this 
chapter. 

Troubleshooting Basic Symptoms 

If your bridge exhibits a specific symptom, you should look 
up the recommended actions to take in Table 11-2. This table 
will direct you to try some additional manual tests or to begin 
performing the diagnostic self-tests. Whatever actions are 
suggested by this table should be performed before trying 
any diagnostic self-tests. Conclusions suggested later, related 
to self-test failures, assume that this table has been consulted. 

Checking Power Supply Voltages 

The voltages produced by all the power supplies and power 
regulators in the AH 2500A are easily checked. All but two 
power sources are required to have a tolerance of ±4%. The 
remaining two are the unregulated sources labeled as +24V 
and -24V, In reality, they may range in magnitude from 20 to 
32 volts depending largely on the power line voltage. The 
points that are recommended for checking these voltages are 
identified in Figure 11-3 on page 11 -40 and Figure 11-4 on 
page 11-41 at the end of this chapter. 


Any power sources found to be out of tolerance must be fixed 
before proceeding with any further tests. In many cases, a 
failed regulator is the problem, but you must also be on the 
lookout for excess loading of a power source. Power is pro¬ 
vided to the SAMPLE SWITCH connector, so that is a possi¬ 
ble source of excess loading if anything is connected to it. 

The bridge contains three unregulated power supplies (+8V, 
+24V, -24V), from which ten regulated voltages are gener¬ 
ated. The +8V supply is internal to the the power supply 
board (A701). 


DIAGNOSTIC TEST ESSENTIALS 

The AH 2500A contains about 350 individual self-tests that it 
can perform. These are arranged into over 50 groups. The 
names of these groups are listed in Table 11-6 on page 11-11. 

The purpose of these tests is not to verify that the bridge is 
operating properly. The purpose is to help find and fix a prob¬ 
able failure that has previously been detennined to exist. 

Most of these tests are very simple and can be executed rap¬ 
idly and repeatedly to create signals that are easily observ¬ 
able and interpretable on an oscilloscope, if needed. The 
measurement circuitry is reset at the beginning of each test so 
that a scope loop can be set up that sees all signals involved 
in performing each test. Each test functions independently of 
all other tests. 

Initiating Seif-tests: the TEST command 

All of the self-tests are initiated with the following command 
syntax: 

TEST [testgrouplo.testlo [. testgrouphi.testhi ]] 

[REPEAT [count\\ 


where the test parameters have the following meanings: 


testgrouplo 

The number of the group containing the 
first test to be executed. 

testlo 

The number within the first group of the 
first test to be executed 

testgrouphi 

The number of the group containing the 
last test to be executed. 

testhi 

The number within the last group of the last 
test to be executed 

count 

The number of times the entire range of 
specified tests is to be executed. If 
REPEAT with no count is entered, the tests 
will be executed indefinitely. 
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The test parameter options allow the following possibilities: 

1. Issue the TEST command with no parameters. This 
causes all tests that do not require intervention or obser¬ 
vation to be executed. 

Example: TEST 

2. Issue the TEST command with only the testgrouplo 
parameter. This causes only the tests having that test 
group number to be executed. 

Example: TEST 62 

3. Issue the TEST command with the testgrouplo.testlo 
parameters. This causes only the one specified test to be 
executed. 

Example: TEST 62.2 

4. Issue the TEST command with the testgrouplo then 
testgrouphi parameters. This causes all the tests having 
those test group numbers plus all test groups in between 
to be executed. 

Example: TEST 62 . , 78 

5. Issue the TEST command with the testgrouplo.testlo 
then testgrouphi.testhi parameters. This causes all the 
tests from the lowest number specified to the highest 
number specified inclusive to be executed. 

Example: TEST 62.2.78.2 

6. All of the above five forms of the TEST command may 
optionally be followed with REPEAT and an optional 
repeat count to specify the number of times the tests are 
to be executed. 

Example: TEST 62 . . 65 REPEAT 3888 

The range of valid test group numbers is not contiguous. As a 
result, it is possible to enter test number ranges that do not 
start and/or end on a valid test group number. Nevertheless, 
there may be executable test numbers within the entered 
range. If such tests are found, they will be executed. If not, a 
bRd Pflr error will be reported. 

Execution of the tests can be aborted at any time with the 
DEVICE CLEAR command. 

Recommended Command Sequence 

The TEST command by itself is the easiest version of the 
command to run since it requires no external hardware. It 
executes most important tests except for those in one group: 
the attenuator tests. The command sequence TEST ; TEST 
91 . . 94; STEP provides the most powerful test sequence 
that is also easy to run. This sequence can be set up and then 
left to run once without intervention. These commands can 
also be used to make a simple program that can be run repeti¬ 
tively. A program is required if repetition is desired since the 
test REPEAT qualifier applies only to the TEST command 
and not to a multiple command line such as this sequence. 


Performing the 90 series tests requires some external parts 
which are described in “The External PI Network” on 
page 11 -37. The 90 series tests will prompt you to connect 
this network. If you connect the network before issuing the 
command sequence, you can end the sequence with the 
STEP command so that the tests won’t stop to issue a 
prompt. 

Format of the Test Results 

As explained later, you can chose whether all tests or just 
failed tests report a result. A result contains three or four 
basic kinds of information. 

1. The number of the test that was executed is reported 
along with a count of the number of times that the tests 
have been repeated. 

2. The reported result gives two values which form a win¬ 
dow. A third value is reported which indicates that the 
test passed if the value is within the window and that 
the test failed otherwise. 

3. Most of the result consists of test variables that show 
the exact state of every settable bit in the measurement 
circuitry of the bridge at the time when the test com¬ 
pleted. This information can be important for establish¬ 
ing the exact state of the bridge if a failure occurs. 

4. The number of tests that have failed (FONT) and the 
group and number of the last test to have failed (LTF) 
are reported on the front panel display. FONT is zeroed 
and LTF is cleared each time a TEST command is exe¬ 
cuted unless the command is part of a program. In that 
case, FONT and LTF are initialized only at the begin¬ 
ning of the root program. This allows failure informa¬ 
tion to accumulate in programs which contain 
complicated test sequences. 

All of the variables reported by each test result are listed in 
Table 11-3. The format of these variables is given in this 
table and the number of characters used to report each vari¬ 
able is indicated by the number of letters in the entries in the 
format column. The way in which these variables are format¬ 
ted on the front panel and on remote devices is given in the 
next two sections. The values that each of these test variables 
can have are listed in Table 11-4 on page 11-8. The precise 
effect of setting a variable to each value is also listed in this 
table. 
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Front Panel Format 

Each test result is displayed on the front panel as six separate 
windows in the order and format shown below. You can 
examine each window in the usual manner by pressing the 
[1-1 and [■>"] keys each time you want to advance from one 
window to the next. 

Twelve of the variables have labels preceding them. These 
are r bSb :, La :, pfpfz , Hi G, C, H, t. b, FCnb 
and LtF These are all constants except for pfpf. 

The default window visible in the front panel display while 
tests are running is the first one which shows the repeat count 
and the group and number of the currently executing test. 
This window gives a real-time display of the progress of the 
tests. 

In addition, the [*£] and jj*] keys may be used to move 
through the six display windows while the tests are actually 
running. This allows monitoring vvv while repeating a single 
test to check for sensitivity to various stimuli in real-time. 

( r: cccccc ) 

[ G Sc z gg.nn _ 


Pfpf z vvv 
G pd C m 


Hi z hhh 
La z III 


[ Ha b t 
( bh f s 


[ r i r 2ri*2*3*yy6 ~1 


F C nh zeee _ j 

~TtzFz gg.nn ~] 

Remote Device Format 

Each test result is sent to a remote device as a single line hav¬ 
ing the format shown below. 

Fi = cccccc 1ST -gg.nn LO=/// pfpf=vvv HI -hhh G pd 
Cm ha It B b f s 

Most of the test variables are decimal, but a , r, i and q can 
also have some hexadecimal values. Ten of the variables 
have labels preceding them. These are TST=, L0=, pfpf=, 

HI = , G, C, fl, T and B. These are all constants except for pfpf. 


Table 11-3 Test variables reported 
by the TEST results 


Format 

Name 

Description 

cccccc 

Repeat 
count (R=) 

Shows number of times the 
test(s) have been executed 

gg.nn 

Test 

(TST=) 

Shows test group.number 
of currently executing test 

hhh 

Hi limit 

High limit of test window 

III 

Lo limit 

Low limit of test window 

Pfpf 

PASS/ 

FAIL 

Indicates whether vvv was 
within the test window 

vvv 

Value 

Value measured or derived 
from running the test. 

Holds £ nd or 009 on the 
summary line. 

p 

ACG (G=) 

Preamp AC gain setting 

d 

DCG (G=) 

DC gain setting 

wmm s 

MUX(C=) 

MUX channel selected 

m 

ATN (H=) 

Attenuator tap selected 

t 

Te$t/Cai 
relay (T=) 

Test/Cai relay and shunt 
resistor states 

b 

Bias (,B=) 

DC bias relay states 

f 

Full/Half 

Test signal amplitude 

s 

S/P/B 

Quadrature phase shifter 
setting 

r l r 2 

RD 

Relay decade positions 
selected 

l \ l 2 l 3 l 4 l 5 l 6 

1DAC 

In-phase DAC setup value 

4l<?2<?3<?445<?6 

QDAC 

Quadrature DAC setup 
value 

eee 

Error 

count 

(FCNT=) 

Shows the number of tests 
that have failed since the 
start of a TEST or PRO¬ 
GRAM command. 

gg.nn 

Test 

(LTF-) 

Shows test group.number 
of the Last Test Failure. 


Format of the Summary Line 

After the last test in each test cycle has been executed and 
optionally reported, a summary line may optionally be sent to 
remote devices. After the last test in the last test cycle of a 
repeated test has been executed and reported, one summary 
line will be sent to the front panel. 

The repeat count, the failure count, and the group and num¬ 
ber of the last test failure are reported. These are described in 
more detail in item four of “Format of the Test Results” on 
page 11-5. The SHOW TEST command can report all of the 
available information about the last test failure. 
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Front Panel Format 

The format of the summary line on the front panel display is: 


rr cccccc ] 

F C n'c r eee } 

kSt:End ) 

LtF: gg.nn J 


The E Sh : End words distinguish the first window of the 
summary line from that of an ordinary result line. 

Remote Device Format 

The format of the summary line on a remote device is: 

R = cccccc T3T=99.99 FCNT =eee LIF -gg.nn 

The test group and number is always 99.99 on this line 
(rather than END) so that it is easily identified as the summary 
line by a program running on a remote device. 

Reviewing the Last Test Failure: the SHOW 
TEST command 

The data for the last test that failed can be re-displayed by 
issuing the command: 

SHOW JEST 

This command does not provide any new information, it only 
re-displays exactly the test failure result line and most recent 
summary line that was previously shown. It is useful if the 
failed test was not printed or if the front panel display was 
not set to halt on a test failure. This command allows test fail¬ 
ure data to be retrieved even though it may have been acci¬ 
dentally or intentionally overwritten by other results on the 
front panel If no test failure occurred, then the test group and 
number will be 0.0. 

This command is also useful at the end of a program or multi¬ 
command line to guarantee that a result will be sent to a 
GPIB controller. It also forces a summary line to be sent in 
case the “reported results” parameter discussed below is set 
to one to disable the summary line. 

Selection of Options: the TEST FORMAT 
command 

You have a choice of several options in the way the TEST 
command is executed. These are: 

* The TEST command can be set to halt on several differ¬ 
ent conditions. Generally, front panel operation requires 
that testing stop so that a test result on the front panel is 
not overwritten by later information. Since this is not 
usually an issue for results sent to a remote device, test¬ 
ing there should automatically resume after each test 
failure is reported. 


* The TEST command can be set to report the results from 
all tests or just from those that failed. Usually, only 
failed tests are of interest, but sometimes it is useful to 
see how the test variables were set when a test passed. 
Knowing why one test passed can help understand why 
another test lulled. 

® The TEST command can be set so that it not only 
reports no results at all. but so that the bridge does not 
even make any readings with its A/D unless such mea¬ 
surements are critical for the test to be useful. By not 
making any readings, the number of data and strobe sig¬ 
nals sent to the measurement circuitry per test cycle is 
greatly reduced. This is essential if an oscilloscope is to 
be able to easily show only the signals most relevant to a 
particular test. See “Making Measurements on a Specific 
Test State” on page 11-14. 

These options may be selected with the command: 

TEST FORMAT hoc.rpr 

where hoc is the “halt on condition” parameter and rpr is the 
“reported results” parameter. 

The hoc parameter can be set to the values below. The effects 
of each setting are listed. 

0 Test execution does not stop until all tests are finished. 

1 Execution of the tests will halt on every occurrence of 
an error report (test FAIL). 

2 Execution of the tests will halt on every occurrence of 
any test result. 

> 3 Halt after entered number of test failures has occurred. 
Any number from 3 to 999 may be entered. 

Pressing |STEPj on the front panel causes tests to continue. 

When tests are executed from a remote device and a “halt on 
condition” occurs, the normal “>” prompt is replaced with a 
“+” prompt. Either the STEP or X command can be issued in 
response to this prompt to cause the tests to continue. 

The default value of the hoc parameter is stored in the 
BASIC 0 parameter file as a zero. 

The rpr parameter can be set to the values below. The effects 
of each setting are listed. 

0 No test results are measured or reported. The word 
SCOPE is displayed in place of pfpf =vvvon the 
front panel See “Observing Tests with an Oscillo¬ 
scope” on page 11-14. 

1 Only error results are sent to remote devices. All 
results, failed or not, are shown on the front panel 

2 Only error results and the test summary line are sent 
to remote devices. All test results, failed or not, are 
shown on the front panel. 

3 All results, failed or not, are sent to remote devices 
and are shown on the front panel 
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For rpt- 1, the SHOW TEST command can be used at the 
end of a test or series of tests to force a summary line to be 
sent. This will guarantee that a message is sent to the GPIB. 
However, if an indefinite REPEAT has been specified and no 
test failure occurs, no message will ever be sent. 

For rpr =2 or 3, the optional summary line is reported after 
each test cycle specified by the REPEAT count. 

If tests are being executed from within a program, then sum¬ 
mary lines are not shown on the front panel. The SHOW 
TEST command can be used at the end of a program to force 
the summary line to appear on the front panel. 

The default value of the rpr parameter is stored in the 
BASIC 0 parameter set as a two. 


Table 11-4 Test variable values showing functions and 
activated parts & pin numbers. (Column 1 of 5) 


Variable 

value 

Part-pin 

selected 

Function 

Pffl= 

PASS 

N/A 

“PASS" indicates that vvv 
was within the test window 

Pfof* 

FAIL 

N7A 

“FAIL" indicates that vvv 
was outside the test window 

P = o 

U603-13 

ACG is set to the minimum 

P= 1 

U603-14 

ACG is IO/3x the min. 

CM 

li 

U603-15 

ACG is lOx the min. 

P- 3 

U603-12 

ACG is 100/3x the min. 

P = 4 

U603-1 

ACG is 1 POx the min. 

P = 5 

U603-5 

ACG is 100C)/3x the min. 

P = 6 

U603-2 

ACG is lOOOx the min. 


U603-4 

ACG is 100()0/3x the min. 

P = 8 

1 

ACG is lOOOOx min. 

d = 0 

I'-.- 1 

Set DCG to lx 

d- 1 

.'■vj 

Set DCG to 2x 

d = 2 

U412-15 

Set DCG to 4x 

CO 

II 

"MS 

U412-I2 

Set DCG to 8x 

O 

1! 

s 

U410-13 

Selects I channel from the 
phase sensitive detector 

m = 1 

U410-14 

Selects Q channel from the 
phase sensitive detector 

m = 2 

U410-15 

Selects PWRMON signal 

m = 3 

U410-12 

Selects the OVRLD signal 

m = 4 

U410-1 

Selects the DCONL signal 

m - 5 

U410-5 

Selects the TEMP signal 

m = 6 

U410-2 

Selects the M 0.1 R signal 

m = 7 

U410-4 

Selects the OVEN signal 

a = 0 

K136 

Sets ATN to 0.0 V 


Table 11-4 Test variable values showing functions and 
activated parts & pin numbers. (Column 2 of 5) 


Variable 

value 

Part-pin 

selected 

Function 

a ~ 1 

K135 

Sets ATN to 0.001 V (/=F) 

a = 2 

K134 

Sets ATN to 0.003 V (/= F) 

a - 3 

K133 

Sets ATN to 0.01 V (f= F) 

a = 4 

K120 

Sets ATN to 0.03 V (/= F) 

a - 5 

K119 

Sets ATN to 0.1 V (j=F) 

a = 6 

K118 

Sets ATN to 0.25 V (f* F) 

a- 7 

K! 17 

Sets ATN to 0.75 V (/—F) 

a = 8 

K115 

Sets ATN to 1,5V (f=F) 

a = 9 

K116 

Sets ATN to 3.0V (f= F) 

a = A 

K114 

Sets ATN to 7.5V (f=F) 

a = B 

K113 

Sets ATN to 15 V (f= F) 

a - C 

none 

Sets ATN to open 

/ = 0 

U610 

Test relay K60 i is open and 
Q608 is not conducting 

t = 1 

U610-10 

Test relay K601 is closed 
and Q608 is not conducting 

1 = 2 

U610-2,10 

Test relay K601 is closed 
and Q608 is conducting 

b = 0 

U610 

Bias enable relay K602 and 
bias resistor selector K603 
are open 

b= 1 

U610-7 

Bias enable relay K602 is 
closed and bias resistor 
selector K603 is open 

b = 2 

U610-7,15 

Bias enable relay K602 and 
bias resistor selector K603 
are closed 

/= H 

U112 

Sine generator set to Half 

/= F 

U112-1.5 

Sine generator set to Full 

D 


Q103 and Q106 conduct; 
Q102, Q104 and Q105 do 
not conduct; 180° phase shift 

s = P 

U112 

Q1.02, Q104 and Q106 con¬ 
duct; Q103 and Q1.05 do not 
conduct; 90° phase shift 

s = B 

U112-2,10 

Q103 and Q105 conduct; 
Q102, Q1.04 and Q106 do 
not conduct; 0° phase shift 

r \ ~ o 

K131 

Switch MO.O to C2J.0A 

n = 1 


Switch M0.1 to C210A 

r, = 2 

K129 

Switch M0.2 to C210A 

r,=3 

K128 

Switch M0.3 to C210A 

C=4 

K127 

Switch M0.4 to C210A 
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Table 11-4 Test variable values showing functions and 
activated parts & pin numbers. (Column 3 of 5) 


Table 11-4 Test variable values showing functions and 
activated parts & pin numbers. (Column 4 of 5) 


Variable 

Part-pin 


value 

selected 

Function 

n = 5 

K126 

Switch M0.5 to C2I0A 

'1-6 

K125 

Switch M0.6 lo C2I0A 

r, = 7 

K124 

Switch M0.7 to C210A 

'.-8 


Switch M0.8 to C210A 

'1=9 

K122 

Switch M0.9 to C210A. 

',=A 

K121 

Switch M 1.0 to C21.0A 

'i =c 

U145-1.4 

No connection to C210A 

'i = F 

K.132 

Switch M-0.1 toC210A 

r 2 = 0 

Kill 

Switch MO.Oto C210B 

r 2 ~ ^ 

K110 

Switch MO. 1 to C210B 

r 2 = 2 

K109 

Switch M.0.2 to C210B 

r 2 = 3 

K108 

Switch M0.3 to C210B 



Switch M0.4 to C2I.0B 



Switch M.0.5 to C210B 

r 2 = 6 


Switch M0.6 to C210B 

r 2 = 7 

K104 

Switch M0.7 to C21 OB 

r 2 — 8 

K1.03 

Switch MO.8 to C2 i OB 

t '2 — 9 

K102 

Switch MO.9 to C210B 

r 2 = A 

K101 

Switch M1.0 to C21 OB 


MpV- 

No connection to C210B 

r 2 = F 


Switch M-0.1 to C210B 

i| tv even 

pplgglj 

Switch IP 0.0 to U126 pin 3 

i j is odd 


Switch IP 1.0 to U126 pin 3 

i ] = 0 or 1 

I 

Switch IP 0.0 to U127 pin 3 

i j = 2 or 3 

i 

Switch IP 0.2 to U127 pin 3 

nma 

i 

Switch IP 0.4 to U127 pin 3 


BUfg jm 

Switch IP 0.6 to U127 pin 3 

= 8 or 9 


Switch IP 0.8 to U127 pin 3 

ii 

> 

-s 

CD 

U122-5 

Switch IP 1.0 to U127 pin 3 

i'l = E or F 

U122-4 

Switch IP-0.1 to U127 pin 3 

i -2 is even 

U124-5 

Switch IP 0.0 to R1.67 

z 2 tv odd 

U124-3 

Switch IP 1.0 to R167 

h = 0 or 1 

U .1.21-13 

Switch IP 0.0 to UI25 pin 3 

; 2 = 2 or 3 

U121-14 

Switch IP 0.2 to U125 pin 3 

<2 = 4 or 5 

IJ 1.21.-15 

Switch IP 0.4 to U125 pin 3 

h- 

co 

11 

. C4 

U121-12 

Switch IP 0.6 to U125 pin 3 

* 2 = 8 or 9 

U121-1 

Switch IP 0.8 to U125 pin 3 

z 2 = A or B 

U121-5 

Switch IP 1.0 to U125 pin 3 

z 2 — E or F 

U121-4 

Switch IP-0.1 to U125 pin 3 


Variable 

Part-pin 


value 

selected 

Function 

/’ 4 is even 

U124-12 

Switch IP 0.0 to R166 

is odd 

111 24-1.3 

Switch IP 1.0 to R166 

i‘ 3 = 0 or 1 

U120-13 

Switch IP 0.0 to R159 

*3 = 2 or 3 

U120-14 

Switch IP 0.2 to R159 

»3 = 4 or 5 

U120-15 

Switch IP 0.4 to R159 

*3 = 6 or 7 

U 120-12 

Switch IP 0.6 to R159 

?3 = 8 or 9 

U 120-1 

Switch IP 0.8 to R159 

<3 = A or B 

0120-5 

Switch IP 1.0 to R159 

ii 

m 

~n 

0120-4 

Switch IP-0.1 to R159 

*4 is even 

0123-12 

Switch IP 0.0 to R164 

z 4 is odd 

0123-13 

Switch IP 1.0 to R164 

EBB 

0119-13 

Switch IP 0.0 to R158 

i 4 = 2 or 3 

0119-14 

Switch IP 0.2 to R158 

= 4 or 5 

0119-15 

Switch IP 0.4 to R158 

i 4 = 6 or 7 

0119-12 

Switch IP 0.6 to R 1.58 

14 = 8 or 9 

0119-1 

Switch IP 0.8 to R158 

z 4 - A or B 

0119-5 

Switch IP 1.0 to R158 

i 4 = E or F 


Switch IP-0.1 to R158 

?5 is even 

0123-2 

Switch IP 0.0 to R162 

is odd 


Switch IP l.0 to R162 

i 5 = 0 or-\ 


Switch IP 0.0 to R138 

{5 = 2 or 3 


Switch IP 0.2 to R138 

i 5 ~ 4 or 5 


Switch IP 0.4 to R138 

msrsM 

0154-12 

Switch IP 0.6 to R138 

EE 3 I 

0154-1 

Switch IP 0.8 to R138 

z'5 = A or B 


Switch IP 1.0 to R138 

= E or F 

0154-4 

Switch IP-0.1 to R138 

*6 = 0 

0123-5 

Switch IP 0.0 to R161 

*6 = 5 

0123-3 

Switch IP 1.0 to R161 

r/ j is even 

0143-5 

Switch Q 0.0 to U141 pin 3 

q\ is odd 

0143-3 

Switch Q 1.0 to UI4I pin 3 

q\ - 0 or 1 

0138-13 

Switch Q 0.0 to U140 pin 3 

^1 = 2 or 3 

0138-14 

Switch Q 0.2 to U140 pin 3 

<?j = 4 or 5 

0138-15 

Switch Q 0.4 to U140 pin 3 

<?l = 6 or 7 

0138-12 

Switch Q 0.6 to U140 pin 3 

q\ = 8 or 9 

0138-1 

Switch Q 0.8 to U140 pin 3 

(?1 = A or B 

0138-5 

Switch Q 1.0 to U140 pin 3 

<?j = E or F 

0138-4 

Switch Q-0.1 to U140 pin 3 

q 2 is even 

01.43-12 

Switch Q 0.0 to R183 
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Table 11-4 Test variable values showing functions and 
activated parts & pin numbers. (Column 5 of 5) 


Variable 

value 

Part-pin 

selected 

Function 

e /2 is odd 

U143-13 

Switch Q 1.0 to R183 

e /2 = 0 or 1 

U137-13 

Switch Q 0.0 to U139 pin 3 

e /2 = 2 or 3 

U137-14 

Switch Q 0.2 to U139 pin 3 

</2 = 4 or 5 

IJ137-15 

Switch Q 0.4 to U139 pin 3 

e /2 = 6 or 7 

U137-12 

Switch Q 0.6 to U139 pin 3 

c /2 = 8 or 9 

U137-1 

Switch Q 0.8 to U139 pin 3 

e /2 = A or B 

U137-5 

Switch Q 1.0 to U139 pin 3 

e /2 = E or F 

U137-4 

Switch Q-0.1 to U139 pin 3 

</3 is even 

U143-2 

Switch Q 0.0 to R182 

q 3 is odd 

U143-1 

Switch Q 1.0 to R182 

e /3 = 0 or 1 

U136-13 

Switch Q 0.0 to R1.77 

q 3 = 2 or 3 

U136-14 

Switch Q 0.2 to R177 

q 3 = 4 or 5 

U136-15 

Switch Q 0.4 to R177 

e /3 = 6 or 7 

U136-12 

Switch Q 0.6 to R177 

e /3 = 8 or 9 

U136-1 

Switch Q 0.8 to R177 

<?3 - A or B 

U136-5 

Switch Q 1.0 to R177 

q 3 = E or F 

U136-4 

Switch Q-0.1 to R177 

e /4 is even 

U142-2 

Switch Q 0.0 to R181 

e /4 is odd 

U142-1. 

Switch Q 1.0 to R181 

e /4 — 0 or 1 

U135-13 

Switch Q 0.0 to R176 

e /4 — 2 or 3 

U135-14 

Switch Q 0.2 to R176 

e / 4 = 4 or 5 

U135-15 

Switch Q 0.4 to R176 

e /4 = 6 or 7 

U135-12 

Switch Q 0.6 to R176 

e / 4 = 8 or 9 

U135-1 

Switch Q 0.8 to R176 

e / 4 = A or B 


Switch Q 1.0 to R176 

e /4 = E or F 


Switch Q-0.1 to R176 



Switch Q 0:0 to R180 

c /5 is odd 

U142-13 

Switch Q 1.0 to R180 

e /5 = 0 or 1 

U155-13 

Switch Q 0.0 to R139 

e /5 = 2 or 3 

U 1.55-14 

Switch Q 0.2 to R139 

e /5 = 4 or 5 

U155-15 

Switch Q 0.4 to R139 

e /5 = 6 or 7 

U155-12 

Switch Q 0.6 to R139 

q$ ~ 8 or 9 

U155-1 

Switch Q 0,8 to R139 

e /5 - A or B 

U155-5 

Switch Q 1.0 to R139 

e / 5 = E or F 

U155-4 

Switch Q-0.1 to R139 

<?6 = 0 

U142-5 

Switch Q 0.0 to R1.79 

e / 6 = 5 

U142-3 

Switch Q 1.0 to R179 


THE INDIVIDUAL DIAGNOSTICS 

This section describes the seif-tests initiated by the TEST 
command, included are what each individual diagnostic seif- 
test does, what parts are tested and what parts are suspect 
when a test fails. This information is presented in a number 
of sections, each of which contains a table which covers a 
different major body of tests. In some cases, little more infor¬ 
mation than is contained in each table is needed, but special 
setup and interpretation instructions are given where appro¬ 
priate. The sections, tables, and test groups and numbers in 
the tables are presented in the order in which the tests are 
executed. Ail test group titles are listed in Table 11-6. 

Effective use of these tests assumes that you have read “PRE¬ 
LIMINARY TROUBLESHOOTING” on page 11-2 and 
“DIAGNOSTIC TEST ESSENTIALS” on page 11-4 with 
special attention to Table 11-2 on page 11-3. 

Information Common to ail the Tests 

Reference Numbers 

Most of the test descriptions in the tables contain reference 
designators to specific parts in the AH 2500A. These refer¬ 
ence numbers are identified on the parts fists and schematics 
in Appendix F, “Drawings and Parts Lists”. The system used 
to assign the reference numbers is identified in Table 11-5. 


Table 11-5 Identification of 
reference number series 


Reference 

number 

series 

Associated 
printed circuit board 
or assembly 

lxx 

Main PC board except for oven circuit 

2 xx 

Capacitance standard assembly and oven 
circuit on main board 

3xx 

Processor PC board 

4xx 

Multiplexer PC board 

5 xx 

Front panel PC boards 

6 xx 

Preamp PC board 

7xx 

Power supply PC board and transformer 

9xx 

Chassis and related parts 


Ordering of the Tests 

The order in which the tests have been designed to execute is 
important because the conclusions drawn about a test are 
based on the assumption that all previous tests probably 
passed. In practice, this means that the first test to fail (i.e. the 
one having the lowest number) is the one most likely to indi¬ 
cate the source of a failure. All subsequent test failures may 
merely be indirect consequences of the first test failure. Parts 
and/or signals listed as being suspect on FAIL assume that all 
previous tests have passed. Otherwise, parts fisted previously 
are also suspect. 
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Table 11-6 Test groups executed by the TEST command, 
showing those requiring intervention or observation. (Column 1 of 2) 


Test 

group 

Test group title 

intr/ 

obs 

Assemblies 

tested 

l 

Test processor board circuits 

a 

! A 301 

2 

Test front panel display LED segments 


A50LA301 

10 

Test ability of some TDx lines to transmit data 


A30l.A401.A101 

11 

Test power monitor (PWRMON) and power supply quality 



12 

Test all DCG settings and value of OVEN monitor line 



13 

Test bridge temperature (TEMP) value 


A40LA101 

20 

Test DC BIAS circuit series resistance 

i 

A601 

21 

Test that preamp can handle high DC bias voltages 

l 

A 60! 

22 

Test operation of calibration & test relay (K601) 

i 

A601 

23 

Test ability to operate upper half of bridge 

■i 

A401, Aid, A601 

24 

Isolate excess noise 

i 


25 

Test preamp shunt 


-/1 

26 

Test DC on LOW input detector (DCONL) 



30 

Test that level detection latches (LEVA & LEVB) will latch in clear state 



31 

Test that level detection latches (LEVA & LEVB) will set and stay set 


Ugj] ’ ' < 

32 

Test for noise quality 


BflBBtti91 

33 

Test phase sensitive detector 


A401 

34 

Test A/D for missing codes 


A40LA301. 

40 

Test ability to set sine generator to full/half and test waveform symmetry 


| | 

41 

Test main ratio transformer overload (OVRLD) detector 

i 


50 

Test LOW ACG against IDAC 


• | 

51 

Test HIGH ACG against IDAC 



52 

Test LOW ACG against QDAC 


■ i i 


Test HIGH ACG against QDAC 


. I 


Test that each switch element in MSD of IDAC can cause a change 

■ 

A101 

W 

Test that each switch element in second MSD of IDAC can cause a change 


A101 


Test that each switch element in third MSD of IDAC can cause a change 

mm 

A101 


Test that each switch element in fourth MSD of IDAC can cause a change 

mm 

A101 


Test that each switch element in fifth MSD of IDAC can cause a change 

mm 

A 1.01 


Test that each switch element in MSD of QDAC can cause a change 


A101 

66 

Test that each switch element in second MSD of QDAC can cause a change 


A101 

67 

Test that each switch element in third MSD of QDAC can cause a change 


A101 

68 

Test that each switch element in fourth MSD of QDAC can cause a change 


A i 01 

69 

Test that each switch element in fifth MSD of QDAC can cause a change 


A101 

70 

Test gain ratios of MSD of IDAC 


Am 

71 

Test gain ratios of second MSD of IDAC 


A101 

72 

Test gain ratios of third MSD of IDAC 


A101 

73 

Test gain ratios of fourth MSD of IDAC 


A101 

74 

Test gain ratios of fifth MSD of IDAC 


A10I 
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Table 11-6 Test groups executed by the TEST command, 
showing those requiring intervention or observation. (Column 2 of 2) 


Test 

group 

Test group title 

Intr/ 

obs 

Assemblies 

tested 

75 

Test gain ratios of MSD of QDAC 


A101 

76 

Test gain ratios of second MSD of QDAC 


A101 

77 

Test gain ratios of third MSD of QDAC 


A101 

78 

Test gain ratios of fourth MSD of QDAC 


A101 

79 

Test gain ratios of fifth MSD of QDAC 


A101 

80 

Test magnitude of S/P/B quadrature generator settings 


A101 

81 

Test phase of S/P/B quadrature generator settings 


A101. 

82 

Test MSRD for a stuck closed relay 


A101 

83 

Test second MSRD for a stuck closed relay 


A101 

84 

Test MSRD for any change between open and selected states 


A101 

85 

Test second MSRD for any change between open and selected states 


A101 

86 

Test relative signal levels from MSRD 


A101 

87 

Test relative signal levels from second MSRD 


A101 

90 

Test ATN for presence of any stuck closed relays 


A101 

91 

Test ATN for stuck closed relays and set up for meter measurement 

l 

A101 

92 

Test ATN for a stuck open or closed relay 

I 

A 1.01 

93 

Test ATN setup for voltage ratios tests 

I 

A101 

94 

Test ATN for correct voltage ratios 

I 

A 1.01 


Test Descriptions 

The test descriptions given for the tests in the following 
tables are necessarily brief. They contain enough information 
to identify what each test does, but not enough to fully define 
the test. More information is contained in the test results 
which show the test setup when the test completed. Note that 
the descriptions in the tables describe what the bridge will 
do, not what the operator is to do. 

Most tests except for those in "Processor and front panel 
tests” on page 11-13 end by having the A/D make a reading. 
Since this usually happens, the last A/D reading of a test is 
not explicitly described. However, a number of tests take two 
A/D readings. In this case, the first reading is described and 
the second is implied. The internal test setup for the second 
reading is assumed to be the same as that for the first unless 
described otherwise. 

Most tests read the I and Q MUX channels. For these tests, 
the MUX test variable is reported in the test results as zero (I) 
if the I channel reading was the larger of 1 and Q. Otherwise 
MUX is reported as one (Q). This is true even if vvv contains 
a derived value rather than a direct reading of the I or Q chan¬ 
nels. 
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Tests that Require Operator Intervention 

Most of the self-tests can be performed without operator 
intervention and so can be run individually or in groups for 
long periods of time, if desired. Tests that require operator 
intervention or observation are labeled with an I or an O 
respectively in Table 11-6. Tests requiring intervention will 
display a request on the front panel and send it to the remote 
devices. After the request has been satisfied, pressing the 
[STEP! key on the front panel will cause tests to continue. The 
STEP or X command on GPIB devices and the STEP com¬ 
mand or the X key on RS-232 devices will have the same 
effect. 

The prompt that is sent or displayed usually requires that just 
one action be performed before the [STEP] key is pressed to 
continue. In some cases, more than one action is required. In 
these cases, the prompt will indicate only the last action that 
is to be performed. It is up to the operator to be aware of tests 
that require more than one action. An example is the “DC 
BIAS Resistor Tests” on page 11-16. Both of these tests 
require that an external shunt be connected, an external DC 
voltage be applied, and finally that a meter reading be taken. 
The prompt r E Hd U it ho r r 6 H 3 is asking only for 
the last action, but all three actions must be completed before 
the [STEPl key is pressed to continue the tests. 
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Table 1.1-7 Processor and front panel tests 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signals 
suspect on FAIL 

1 

Test processor board circuits 

1.1 

Prompt with “ARE YOU SURE?”, write then read and com¬ 
pare the 6551 UART registers. 

On error, show: (J H r t Error 

U329 

U301-304, U307, 
U308, U3I4, U315, 
U322, U329. etc. 

1.2 

Prompt with “ARE YOU SURE?”, compare frequencies of 
system vs. UART clocks. 

On error, show: FrE R rto Error 

Y301, Y302 

U301, U329, Y301, 
Y302 

1.4 

Prompt with “ARE YOU SURE?”, write then read and com¬ 
pare the U326 command and status registers. 

On error, show: 65c , c I ErrUSP 5 

U326 

U322, U326, U332 

1.5 

Prompt with “ARE YOU SURE?”, write then read and com¬ 
pare the U310 command and status registers. 

On error, show: S5c , i? E r r U 3 ID 

U310 

U310, U322, U332 

1.6 

Prompt with “ARE YOU SURE?”, verify the checksum of 
the U305 EPROM. 

On error, show: E HE E 5 u 0 E rr IJ30S 

U305 

U305, U303 

1.7 

Prompt with “ARE YOU SURE?”, verify the checksum of 
the U306 EPROM. 

On error, show: E HE C SU'D E r r U 3uE 

U306 

U306, U303 

1.8 

Prompt with “ARE YOU SURE?”, verify the checksum of 
the U307 EPROM.. 

On error, show: EHEESUR ErrU301 

U307 

U307, U303 

1.9 

Prompt with “ARE YOU SURE?”, write then read all but the 
lowest addresses of the RAM. 

On error, show: HI rEJfl Error 

U308 data 

U308 

1. 10 

Prompt with “ARE YOU SURE?”, verify that each RAM 
address is unique. 

On error, show: HURL FI dr Error 

U308 address 

U308 

1.11 

Prompt with “ARE YOU SURE?”, verify all checksummed 
blocks and complemented bytes in EEPROM. 

On error, show: E E Pr OR Er r or HH where “HH” rep¬ 
resents the failing block number in hexadecimal. See 

Table 11-19 on page 11-42 for more information about the 
failing block number. 

U304 

U304, U303, U315 

1.12 

Prompt with “ARE YOU SURE?”, verify that unenabled 
writes to the EEPROM do not cause data to change. 

On error, show: E E Pr OR SRF E Err 

p/o U330, U331 

U330, U331, U319 

1.13 

Prompt with “ARE YOU SURE?”, write then read and com¬ 
pare the GPIB command and status registers. 

On error, show: C PI b Error 

U323 

U323. U322 

1.14 

Prompt with “ARE YOU SURE?”, test ability of U326 to 
generate interrupts. 

On error, show: 1 nEE r uPb Error 

U326 

U326, U302 

2 

Test front panel display LED segments 

2.1 

Illuminate each segment in front panel display one-by-one. 
Watch to see that one and only one illuminates. 

Display board (A501) 

No error message given 

A501, U316, U317 
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Making Measurements on a Specific Test State 

When each test is finished executing, it leaves the bridge in 
the final configuration for that test. This is the configuration 
shown in the test result line. This allows meter or logic probe 
measurements to be made on the bridge as it was configured 
for the last test of a series. 

Observing Tests with an Oscilloscope 

Any test may be configured to repeat continuously using the 
REPEAT option of the TEST command. This causes repeti¬ 
tive signals to be generated in the circuitry that a given test is 
exercising. A triggered oscilloscope can examine these sig¬ 
nals by triggering each time the test starts over. A trigger sig¬ 
nal is provided for this purpose on pin nine of U420. This 
point is identified in Figure 11-3 on page 11-40. 

The quality of the scope loop signal may be enhanced by 
issuing the T E F 0 .0 command described in “Selection of 
Options: the TEST FORMAT command” on page 11-7. This 
will run the tests at maximum speed and will minimize the 
other strobe and data signals that would otherwise appear on 
the oscilloscope. 

Processor and Front Panel Tests 

Processor Tests 

The processor tests are the most basic of all the tests because 
if these do not pass, it may not even be possible to run any 
other tests. It is this group of tests that is executed immedi¬ 
ately after the ATI 2500A powers on. Test group 1 in 
Table 11-7 on page 11-13 describes these tests. 

If these tests are initiated by the TEST command the prompt 
Fir E dau SurE will appear on the front panel. You must 
press the |YES| key ([T]) if you want the tests to be exe¬ 
cuted. This question is asked because everything stored in 
RAM will be initialized when these tests are run. GPIB and 
RS-232 communications will also be initialized. Due to the 
special nature of these tests, they are only reported to the 
front panel. If the processor tests pass, the message C P U 
b E 5E PR 55 Ed appears on the front panel display when 
all the tests are finished. The display will be blank until then 
but the column of LED indicators to the right will be active. 
If any tests fail, the first test to fail will report an error mes¬ 
sage to the front panel. These messages and their meanings 
are all listed in Table 11 -7 on page 11-13. The format of these 
error messages is totally different from all others generated 
by the TEST command. 

Front Panel Tests 

Test 2.1 can be run if the front panel display appears to have 
a problem. This test will illuminate each LED in the column 
to the right of the numeric displays and also each segment of 
every LED digit. This test does not report any errors and 
therefore has no value unless its effects are carefully 
observed by watching the front panel. 


The test tries to illuminate one and only one LED at a time. 
The display should be watched carefully for cases where 
more than one LED becomes lit. If this occurs, some kind of 
short or addressing problem is to be suspected, If a single 
LED segment does not light when it should, the failure is in 
that segment or the connection to it. If groups of LED’s fail 
to light, then the failure is in the dri ver circuits. 

MUX and A/D Tests 

These are the very first tests performed on any of the mea¬ 
surement circuitry. The measurement circuitry is considered 
to consist of the MUX board (A401!), the main board (A 101), 
the preamp board (A601) and the capacitance standard 
assembly (€21.0). 

First Attempt to Use any Measurement Data and 
Strobe Lines. 

The first tests will use data (TDx) and strobe lines (Sxx) that 
have not been previously tested so these tests must be as sim¬ 
ple as possible. Test group 10 changes some MUX and DCG 
settings, exercising /S57. TDO, TD1, TD2, TD6 and TD7 in 
the process. The test passes if the A/D can see any change. 
The A/D need not work very well for these tests to pass, but it 
must be able to take a reading. 


NOTE 

Tests 10.5 and 10.6 can not be expected to pass until the oven 
has reached its normal operating temperature. 


First Attempt to Use MUX, DCG and A/D to get an 
Accurate Number. 

Test group 11 uses the A/D to read the PWRMON signal. 
This signal is a combination of the +5, +12,-12 power supply 
voltages. Since you have already checked these voltages 
using the instructions in “Checking Power Supply Voltages” 
on page 11 -4, test 11.1 is the first attempt to use the MUX, 
DCG and A/D to get an accurate reading of a DC voltage 
level. 

Test 11.2 simply doubles the DCG relative to the last test to 
build confidence that the A/D and DCG are working. 

Power Supply Quality Tests 

The last test of group 11 takes a hard look at the PWRMON 
signal for the presence of ripple. This is the first time the A/D 
is required to make many measurements in a single test. 

If these tests pass, it means that either the power supplies are 
working well or that the A/D is not working well enough to 
see smaller changes. 
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Table 11-8 First MUX and A/D tests (A401) 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signals 
suspect on FAIL 

10 

Test ability of some TDx lines to transmit data 

10.1 

Leave 1)410 MUX inputs A. B & C clear; Read I 

U416 A/D sees less than 
half of F.S. 

Preamp, MUX 
boards 

10.2 

Set U410 MUX input B 

U416 A/D sees a change 

TD0. U311. U410, 

U411, U413, U416 

10.3 

Set U410MUX input A&B 

U416 A/D sees a change 

TDl,U31l,U410, 
U411.U413, U416 

10.4 

Set U410 MUX input A & B & C 

U416 A/D sees a change 

TD2, U3U.U410. 

U4ILU413, U4I6 

10.5 

Select OVEN with U410 MUX. set U412 DCG switch input 
A. This changes DC gain from 1 to 2 

U416 A/D sees a change 

TD6, U311,11410, 
U41LU413. U416 

10.6 

Select OVEN with U410 MUX. set U4I2 DCG switch input 

B. This changes DC gain from 1 to 4 

U416 A/D sees a change 

TD7, U.311, U410. 
U411,U413, U416 

11 

Test power monitor (PWRMON) and power supply quality 


Set U410 MUX to PWRMON input. DC-G=1 

+5, +12, -12 P. S., A/D 
gets 1 st accurate number 

U410-416 


Set U410 MUX to PWRMON input. DCG=2 

U416 input overloads 

U411, U412, U414 

11.3 

Set U410 to PWRMON input, DCCi=l 

Power ripple acceptable 

Power supply, U4J.6 

12 

Test all DCG settings and value of OVEN monitor line 

12.1 

Select OVEN, Compare DCG=i against DCG=2 

Relative DCG 1/2 

U410-416 

12.2 

Select OVEN, Compare DCG=2 against DCG=4 

Relative DCG 2/4 

U410-416 

12.3 

Select OVEN, Compare DCG=4 against DCG=8 

Relative DCG 4/8 

U410-416 

12.4 

Select OVEN with U410 MUX, Set DCG=1 

DCG=L A/D value 

U410-416, OVEN 

12.5 

Select OVEN with U410 MUX, Set DCG=2 

DCG=2, A/D value 

U410-416, OVEN 

12.6 

Select OVEN with U4I0 MUX, Set DCG=4 

DCG=4, A/D value 

U410-416, OVEN 

12.7 

Select OVEN with U410 MUX, Set DCG=8 

DCG=8, A/D val ue 

U410-416, OVEN 

13 

Test bridge temperature (TEMP) value 

13.1 

Select TEMP with U410 MUX 

TEMP in range 

RT101, R1.31, U410, 
U129, U130 


Complete DCG vs. A/D Tests Using OVEN Line 

Test group 12 checks all of the DCG (DC Gain) settings 
using the A/D. The first three tests compare the ratios of adja¬ 
cent DCG settings using the A/D to make the measurements. 
Each test requires that the A/D be working well enough to 
take two measurements whose ratio is 1/2. Because these are 
ratio measurements, the OVEN signal voltage is not impor¬ 
tant but it must produce values within the A/D's range. 


NOTE 

Test group 12 can not be expected to pass until the oven has 
reached its normal operating temperature. 


The last group of four tests measures the OVEN line at the 
four different DCG settings. These tests assume that the 
OVEN line voltage is accurately known since they try to 
make four different, accurate readings of the OVEN line with 
the A/D. Since these are effectively comparisons of the A/D 
against the DCG, a failure could be from either of these or 
from an inaccurate OVEN value. The next section explains 
how to directly measure the value of the OVEN voltage. 

Manual Oven Circuit Tests 

The OVEN voltage should be -0.537 V±5%. This can be 
measured at the negative end of C201 on the main board as 
shown in Figure 11 -4 at the end of this chapter. If this voltage 
is out of tolerance, either the oven assembly (C21.0) is bad or 
the related circuitry on A101 is defective. If the oven control¬ 
ler is functioning, the OVEN voltage will be identical (after 
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warm-up) with the R201/R202 reference voltage on pin 6 of 
J] 1.4 shown in the same figure. If the oven controller is func¬ 
tioning, the voltage driving Q201will be 2 to 7 V more posi¬ 
tive than the -24 V power supply (after oven warm-up). This 
can be measured on pin 3 of J114 shown in the figure. If the 
oven controller is suspected of having dynamic control prob¬ 
lems, the signal to look at is pin 6 of U202 which is shown in 
the figure. If there lire any signals here which are changing at 
a rate faster than 1 Hz, then the controller has a problem. 

Measure the TEMP Line 

Test group 13 simply measures the TEMP line and verifies 
that the voltage that indicates the temperature of the bridge is 
within a very wide window. This is another test to verify that 
the MUX will switch to the desired input. 

Preamp Tests 

The preamp tests differ from the tests in other test sections 
because the preamp tests require many external setups. Fur¬ 
thermore, each external setup is different from all the other 
preamp setups. 


WARNING ! 

The voltages used in these tests present a shock hazard. 'The 
voltage to which you set your DC power supply will also be 
present at several points inside the bridge as shown in 
Figure 11-4 at the end of this chapter. 


CAUTION 

The voltages used in this test can cause serious damage to 
your bridge if improperly applied. Make sure that these 
voltages are only applied to the DC BIAS input connector. 
As an added precaution, you can set the current-limit on the 
power supply as low as possible while still maintaining the 
required test voltage. 


NOTE 

Removal and replacement of the preamp cover and disassem¬ 
bly and reassembly of the preamp must be done according to 
the procedures in Chapter 12, “Disassembly/Reassembly'' 
with special attention to “HIGH and LOW Cable (W902 and 
W901) Removal and Installation” on page 12-11. 

Subtle performance degradation may occur otherwise. 
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DC BIAS Resistor Tests 

The value of the series bias resistors (R643 and R644) can be 
directly measured externally with an ohmmeter. The value of 
these resistors is 1 and 100 megohms, respectively. The ohm- 
meter used must be able to measure resistance at least as high 
as the higher value expected to be found. Unfortunately, 
ohmmeters that can read this high are not found in many labs, 
so a different way of measuring the resistors will be 
described here. 

The following measurement procedure is required when the 
AH 2500A displays each prompt that results from running 
test group 20: 

1. Wait for the prompt for the test to appear (R E RD U L T 
FOR R643 or R644 >). 

2. Shunt the LOW terminal to ground with 10 kjQ. Use a 
BNC to banana-jack adapter with a 10 kQ resistor 
between the posts. WARNING! If the resistor fails to 
make connection, one banana post will have the full 
voltage that is applied to the DC BIAS input 

3. Use a power supply to connect a 100 V level between 
the DC BIAS input and ground. 

4. Read the voltage across the 10 k£2 resistor. 

5. Remove the DC bias and the 10 k£2 shunt. 

6. Press the |STEP| key to continue execution of the tests. 

The 10 kQ resistor and R643 or R644 form a voltage divider 
which divides the applied 100 volts to the level read by the 
meter. If R644 is 100 megohm, the voltage will be di vided by 
10000 and test 20.1 passes if the meter reads between about 
0.008 and 0.0012 volts. If R643 is 1 megohm, the voltage 
will be divided by about 100 and test 20.2 passes if the meter 
reads between about 0.9 and 1.1 volts. 

Measuring these resistors can be useful not only for checking 
the proper functioning of the preamp circuitry, but also to see 
if either series resistor has been changed by someone and if 
so, to what value. See “Optimizing the Series Resistance” on 
page 4-14 for more information. 

If the value of R643 or R644 are not correct or not what is 
desired, the original resistors may be shunted or replaced 
with other values. These resistors may be located by refer¬ 
ence to the preamp assembly drawing in Figure F-27 on page 
F-72. Next to each resistor is a pair of forked solder termi¬ 
nals. Any resistor soldered to these terminal pairs will paral¬ 
lel the corresponding original resistor. You may add or 
replace these resistors with any value of your choice provid¬ 
ing that it is not less than lOkQ. An original resistor can be 
replaced by clipping its leads to remove it. Its replacement 
would then be soldered into the adjacent forked terminals. 
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Table 11-9 Preamp tests (A601) 


Test 

no. 

Description 

Parts/signais 
verified on PASS 

Parts/signals 
suspect on FAIL 

20 

Test DC BIAS circuit series resistance 

20.1 

Select high impedance bias with K602 on. K603 off, prompt 
with message: rE Pd U L t For rSHH Operator then 
applies 100V to the DC BIAS input, shunts the LOW termi¬ 
nal with 10 kQ to ground and reads the voltage there. 

K602 closes, K603 open, 
high impedance BIAS 
connection is made, 

R644 

C619, U610. K602, 
K603. R644 

20.2 

Select low impedance bias with K602 on, K603 on. prompt 
with message: r E Rd OlE For r EH 1 Operator then 
applies 100V to the DC BIAS input, shunts the LOW termi¬ 
nal with 10 kO to ground and reads the voltage there. 

K602, K603 both close, 
low impedance BIAS 
connection is made, 

R643 

C619. U6I0, K602, 
K603, R643 

21 

Test that preamp can handle high DC bias voltages 

21.1 

Prompt for connection of 100 volts to DC BI AS input with 
message: rE Fid L o IDO U. Operator tests for 100 volts 
on LOW input. Wait for iSTEPl key to be pressed after con- 
nection. Prompt to disconnect setup with dl Sl ann 

5 E t UP. See WARNING! and Caution statements in text. 

DCONL not detected, 
C619 blocks DC voltage 

C619, U610, K601, 
K602, K603 

21.2 

Prompt for connection of 250 volts to DC BIAS input with 
message: Conn dC Co bl FIS. Operator tests for no 
more than 1.80 volts on LOW terminal. Wait for |STEPj key to 
be pressed after connection. Prompt for disconnection of 
setup with d 1 5 C o n n SEE UP. See WARNING! and 
Caution statements in text. 

E601 limits voltage 

C619, U610, K602, 
K603 

22 

Test operation of calibration & test relay (K601) 

22.1 

Prompt for connection of 100 volts to DC BIAS input with 
message: r E Rd La c 0.0 IS U. Operator tests LOW ter¬ 
minal for less than 0.015 volts. 

DS602 is good, K601 
closes. 

DS602, K601, 

Q607, U610 


DC BIAS High Voltage Tests 

If the AH 2500A is working correctly, it should be possible to 
apply DC bias voltages to the DC BIAS input with no 
observable effect on the measurement circuitry. 

The following procedure is used to run test 21.1: 

1. Wait for the prompt rE Fid La 10 0 Li to appear. 

2. Connect a voltmeter between the LOW input terminal 
and ground. A BNC to banana-jack adapter might be 
helpful here. The input impedance of the meter must be 
known and must be at least 10 megohms. 

3. Use a power supply to connect, a 100 V level between 
the DC BIAS input and ground. WARNING! 100 V 
should also be present on whatever you have connected 
to the LOW terminal. 

4. Read the voltage on the meter. 

5. Press the jSTEPl key to cause the test routine to com¬ 
plete the test by checking the DCONL signal. 

6. When the di 5Conn SE t UP prompt appears, dis¬ 
connect the meter and power supply from the bridge. 


7. Press the |STEP| key to report the test result or to con¬ 
tinue execution of tests. 

You should have measured exactly the same voltage on the 
LOW terminal as you connected to the DC BIAS connector if 
your meter has an infinite input impedance. If your meter has 
a 10 megohm input impedance, you should have measured a 
voltage that is about 91% of that which you connected to the 
DC BIAS connector. The test routine checks the DCONL line 
to ensure that the applied DC voltage is totally blocked by 
C619 from entering the high gain amplifier. 

Test 21.2 is similar to the previous test except that the voltage 
applied to the DC BIAS connector is higher. This test checks 
that it is possible to moderately exceed the upper limit on the 
DC bias voltage specification without causing damage to the 
bridge. 


WARNING ! 

The voltages used in these tests present a shock hazard. The 
voltage to which you set your DC power supply will also be 
present at several points inside the bridge as shown in 
Figure 11-4 at the end of this chapter. 
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The following procedure is used to run test 21.2: 

1 . Wait for the prompt Conn cIC to bl FIS to 
appear. 

2. Connect a voltmeter between the LOW input terminal 
and ground. A BNC to banana jack adapter might be 
helpful here. The input impedance of the meter must be 
known and must be at least 10 megohms. 

3. Connect a variable, metered, 250 volt lab power supply 
between the DC BIAS input and ground. WARNING! 
The voltage applied by this supply will also be present 
on whatever you have connected to the LOW terminal. 

4. Slowly increase the voltage of the power supply while 
watching its voltmeter and the one you have connected 
to the LOW input terminal. Somewhere in the range of 
100 to 180 volts, your voltmeter should suddenly drop 
in value and then remain constant while you continue to 
increase the voltage of your lab supply. Note the volt¬ 
age on your meter just before the sudden drop occurred. 


NOTE 

A5 you increase the voltage, the overvoltage protector (E60J) 
should discharge. This drops the voltage significantly in an 
extremely short time and generates a large transient . This 
transient will sometimes cause the latches controlling the 
preamp relays (K.601, K602 and K603) to change state. 
Anomalous behavior resulting from this is considered accept¬ 
able since the transient itself is an abnormal condition. 


5. Press the iSTEPl key to cause the test routine to com¬ 
plete the test. 

6. When the dl SC ann SEbUP prompt appears, dis¬ 
connect the meter and power supply from the bridge. 

7. Press the |STEPj key to continue execution of tests. The 
bridge always reports a PASS for this test since it 
makes no measurements. 

The voltage read on the LOW terminal in step four of the 
procedure must not exceed 180 volts. This voltage should be 
lower than that applied by the power supply because the 
overvoltage protector (E601) should limit the voltage. It is 
extremely important that this protector work correctly since it 
protects the capacitance standard (C210) from excessive 
voltages and static discharges. 


CAUTION 

The voltages used in this test can cause serious damage to 
your bridge if improperly applied. Make sure that these 
voltages are only applied to the DC BIAS input connector. 
As an added precaution, you can set the current-limit on the 
power supply as low as possible while still maintaining the 
required test voltage. 
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Calibration and Test Relay 

The calibration and test relay (K60.1) must close if many of 
the remaining self-tests are to pass. This relay disconnects the 
LOW input terminal from the bridge circuitry and allows a 
shunt (R637) to be placed across the preamp input. When this 
relay closes, any charge that exists on an externally con¬ 
nected capacitor is discharged into DS602. 

The following procedure is used to run test 22.1: 

1 . Wait for the prompt r E R d La c O.u IS Li to 
appear. 

2. Connect a voltmeter between the LOW input terminal 
and ground. A BNC to banana-jack adapter might be 
helpful here. 

3. Use a power supply to connect a 100 V level between 
the DC BIAS input and ground. 

4. Verify that the meter reads less than 0.015 volts. 

5. Disconnect the meter and power supply from the 
bridge. 

6. Press the [STEP) key to continue execution of tests. 

If the voltage in step four was correct, DS602 is good and 
K.601 closed. No PASS/FAIL result is reported by the bridge 
for this test. 

First Tests of Upper Half of Bridge 

At this point, as many tests of relatively simple circuits have 
been done as possible and it is time to make the first test of 
the bridge as a whole, minus the attenuator (ATN) circuits. 
The upper half of the bridge is shown as legs one and three in 
Figure 4-1 on page 4-1. Test group 23 requires no interven¬ 
tion. 

Zero Test 

Test 23.1 appears to be simple because it merely requires a 
roughly zero result. However, this is the first test to use the 
RD's and DAC to drive a signal through the capacitance stan¬ 
dard (C210), into the preamp and through the phase-sensitive 
detector to the I and Q channels of the MUX. Even though 
the driving signal is intended to be zero, any failure of one of 
the large number of components in the RD's and DAC could 
cause this assumption to be false. The preamp must also be 
sufficiently quiet (low noise) for the test to pass. 

Since so many parts are involved for the first time in test 
23.1, it is impractical to suggest where to look for the cause 
of a failure without performing more tests. A very useful 
manual test that should be performed only if test 23.1 fails, is 
to ran test 24.1 with the LOW terminal input shorted to 
ground. The resistance of this short is not critical, but must 
not contain loops that might pick up noise. A zero-ohm ter¬ 
minator is perfect for the job. 
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Table 11-10 First system tests 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signais 
suspect on FAIL 

23 

Test ability to operate upper half of bridge 

23.1 

With DAC and RD's at zero, read max of 1 & Q channels 
with U410 MUX, ACG=0. 

If preamp and detector 
have gain then DAC and 
RD’s can produce zero 

See manual test 
described in text 

23.2 

Set 2nd MSRD to 0. i. MSD of ID AC and QDAC to 1.0, 
ACG=(), read max of I & Q channels with U410 MUX 

A/D sees maximum 
signal 

U40L U402. DAC, 
Preamp board 

24 

Isolate excess noise 

24.1. 

Prompt to short LOW input to ground with message: 

Short La to u n d. With DAC and RD's at zero, read 
max ofl&Q channels with U410 MUX, ACG=0. K601 con¬ 
nects preamp to LOW input. 

Preamp and detector are 
not noisy. (Preamp 
cover must be on) 

A401, A601. FAIL 
on last test & PASS 
here => A101 

25 

Test preamp shunt 

25.1 

Set 2nd MSRD to 0.1, MSD of ID AC and QDAC to 1.0, 
ACG=0, read max of I & Q; then enable Q608 shunt 

R637 shunt kills preamp 
gain by expected ratio 

U610, Q608, Q609, 
K60I contacts 

26 

Test DC on LOW input detector (DCONL) 

26.1 

With DAC and RD's at zero, shunt enabled. ACG=0, read 
DCONL with A/D 

DCONL is near zero, 

K601 is energized. 

R615 is set correctly 

U60L K601, K602, 
DS601, related 
preamp parts, U410 

26.2 

Set 2nd MSRD to 0.1, MSD of ID AC and QDAC to 1.0, 
ACG=0, shunt disabled, scan. DCONL with A/D to measure 
peak-to-peak value 

DCONL circuit passes a 
signal of expected size; 
K602 not energized 

U601, K601, K602, 
DS601, related 
preamp parts, U410 


TEST 24,1 REPEAT should be run with this short in place. 
If the test continues to fail, the preamp is too noisy or is pick¬ 
ing up a stray signal or the phase-sensitive detector is gener¬ 
ating a signal that isn’t supposed to be there. At this point, an 
oscilloscope might be helpful for tracing the source of the 
extraneous signal. 

If the test passes with the short in place, the DAC or RD's are 
not able to set up a zero value. This kind of failure will prob¬ 
ably be narrowly isolated by later self-tests. 

Non-zero Test 

Test 23.2 is the first test to use the RD's and DAC to select a 
non-zero signal from the main ratio transformer and send it 
through the capacitance standard (C210), into the preamp 
and through the phase-sensitive detector to the I and Q chan¬ 
nels of the MUX. The number of components that could 
cause this test to fail is even larger than in the previous test. 
Now tlie main ratio transformer must be energized with a 
sinewave signal and all the circuitry of the previous test must 
be able to pass a signal. (The previous test will pass if any of 
its circuits are dead.) 

If this test fails, most subsequent tests will fail also, but the 
generator tests of test group 40 will be meaningful. They will 
demonstrate whether the main ratio transformer is energized 
or not. 


If the main ratio transformer is energized, it is unlikely that 
the signal is not reaching the preamp. The reason is that both 
the DAC and RD's are selecting signals from the main ratio 
transformer. This provides three independent paths to the 
preamp. Thus, if the transformer is energized and the test is 
failing, the problem is likely to be in the preamp or in the 
phase-sensitive detector on the MUX board. This is an excel¬ 
lent opportunity to use an oscilloscope to trace the problem. 
The signal levels fed to the preamp are large enough to be 
visible on a scope throughout the entire signal path. The out¬ 
put signal from the preamp (PAMPOUT) is measurable on 
the MUX board at the point shown in Figure 11-3 at the end 
of this chapter. This signal should be a 1 kHz square wave 
with a peak-to-peak amplitude of 22 volts ±15%. If this sig¬ 
nal is non-existent, then the problem must be in the preamp. 
Otherwise, the problem is on the MUX board. 

Preamp Shunt Test 

In order to perform the RD, ATN and some other tests, the 
gain of the preamp must be reduced below its normal mini¬ 
mum. This is accomplished by shunting the preamp input to 
ground with a resistor (R637) using Q608 as the switch. Test 
25.1 checks that this shunt is able to reduce the preamp gain 
by a sufficient amount. If this test fails, the shunt circuit is the 
problem. 
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Table 11-11 Level detector tests 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signals 
suspect on FAIL 

30 

Test that level detection latches (LEVA & LEVB) will latch in clear state 

30.1 

Leave DAC and RD's at 0. ACG=() 

Assert, then unassert /CLR1 on mux board. 

LEVA stays latched in 
clear state 

U401, U402, 

Preamp board 

30.2 

Leave DAC and RD’s at 0. ACG=0 

Assert, then unassert /CLRI on mux board. 

LEVB stays latched in 
clear state 

U401, U402, 

Preamp board 

31 

Test that level detection latches (LEVA & LEVB) will set and stay set 

31.1 

Set 2nd MSRD to 0.1. MSD of IDAC and QDAC to 1.0, 
ACG=0, then clear MSRD, IDAC and QDAC 

LEVA stays latched in 
set state 

IJ401, U402. DAC, 
Preamp board 

31.2 

Set 2nd MSRD to 0.1. MSD of IDAC and QDAC to 1.0, 
ACG=(), then clear MSRD, IDAC and QDAC 

LEVB stays latched in 
set state 

I.J401, U402, DAC, 
Preamp board 


DC on LOW Input Detector Tests 

Test group 26 checks that the DCONL signal detects positive 
and negative DC voltages on the LOW input and that 
DCONL does not detect any DC when none is present. This 
is done by applying a large AC signal to the preamp input and 
then verifying that the DCONL signal detects it. 


NOTE 

Removal and replacement of the preamp cover and disassem¬ 
bly and reassembly of the preamp must be done according to 
the procedures in Chapter 12, “Disassembly/Reassembly” 
with special attention to “HIGH and LOW Cable (W902 and 
W901) Removal and Installation” on page 12-11. 

Subtle performance degradation may occur otherwise. 


A marginal failure of test 26.1 indicates that trimpot R615 
may need to be adjusted. This is done by issuing the com¬ 
mand ITESTI mmmm IREPEMI lENTERl . The H key 
can then be used to make the front panel show the second 
window in the test result which contains the DCONL value 
as read by the A/D. The trimpot may then be adjusted while 
watching the DCONL value in the upper display. The allow¬ 
able window values for DCONL are shown in the third win¬ 
dow of the test result. If the DCONL value cannot be brought 
within the acceptable window of values, then a hardware fail¬ 
ure has occurred. 

MUX Board Tests Requiring a Good 
Preamp 

Tests of Level Detection Latches 

Test group 30 tests the ability to latch and hold the two level 
detection latches in the clear state. A failure here could be a 
result of an inability to stay latched in the clear state or from 
a false signal detection. If test 23.1 passed, the preamp 
should not be producing enough signal to set the level detec¬ 
tors. 


Test group 31 does essentially the opposite of the previous 
test. This group checks the ability of these latches to set and 
then to stay set. If test 23.2 passed, the preamp should be pro¬ 
ducing enough signal to set the level detectors and any failure 
should, therefore, be in the level detector or latches them¬ 
selves. 

Tests Using Noise 

The tests described in Table 1.1-12 all require some fairly ran¬ 
dom noise. The source of this noise is intended to be predom¬ 
inantly Johnson noise from the input stage of the preamp. 
These tests configure the bridge to feed zero signal to the 
preamp input and to set the preamp gain high enough to see a 
significant amount of noise from the input stage. 

Noise Quality Tests 

Test group 32 verifies that the preamp can generate noise. 
This is the first test that requires the preamp to have a very 
high gain. If good (random, white) noise is being generated, 
the signals from the 1 and Q channels of the phase-sensitive 
detector will have a DC level that is small compared with the 
peak voltage. The test fails if this is not true. (A constant sin- 
ewave will have an almost pure DC output.) 

If no tests have previously failed, a failure of this test indi¬ 
cates that the preamp probably doesn’t have enough gain to 
generate the required noise level. An oscilloscope can show 
whether the preamp output (PAMPOUT) has sufficient noise. 
The noise should be in the range of 1 to 5 volts peak-to-peak. 
This test point is identified as PAMPOUT in Figure LI -3 at 
the end of this chapter. If the noise is not as high as it should 
be, then the problem is in the preamp. 
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Table 11-12 Tests using noise 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signals 
suspect on FAIL 

32 

Test for noise quality 

32.1 

Select 1 channel with U410. set ACG to 8, enable shunt 

Average level of noise is 
small relative to peak 

U403-409, Preamp 
board 

32.2 

Select Q channel with U410. set ACG to 8. enable shunt 

Average level of noise is 
small relative to peak 

U403-409, Preamp 
board 

33 

Test phase sensitive detector 

33.1 

Select and read 1 channel with U410, set ACG to 8, enable 
shunt; then select and read Q channel 

I vs. Q amplitudes are 
roughly equal 

U404, U405, U406. 
U407, U410 

33.2 

Select and read Q channel with U410, set ACG to 8, enable 
shunt; then select and read I channel 

Q vs. 1 amplitudes are 
roughly equal 

U404, U405, U406, 
U407, U410 

34 

Test A/D for missing codes 

34.1 

Set ACG=8, DCG=8, so A/D reads noise at 100+% of FS 
from I channel, then take many readings 

A/D has no missing 
codes 

U404, U405, U406, 
U407. U410 


Phase-Sensitive Detector Test 

Assuming that the noise generated by the preamp is truly ran¬ 
dom, it will not be synchronized with the bridge’s one kilo¬ 
hertz test signal. This means that the amount of noise 
detected by the I and Q channels of the phase-sensitive detec¬ 
tor should be equal. Test group 33 tests for this situation. The 
two tests in this group are identical except that the first exits 
with the I channel selected by the MUX and the second exits 
with the Q channel selected. 

A failure of this test may indicate that phase-sensitive detec¬ 
tor is not working correctly, but it might also indicate that the 
noise used as a test source has been contaminated by a leak 
from the bridge's one kilohertz test signal. 

Do a Rigorous Test of the A/D 

Test group 34 uses noise to test for the presence of every 
code from the A/D. Since the noise is expected to be random, 
making a large number of readings with the A/D should 
eventually provide statistics on the occurrence of every sin¬ 
gle output code that the A/D is supposed to be able to pro¬ 
duce. The test passes if no missing codes are found. 

If the test fails, and vvv=0, then missing codes were found by 
the test. If vvv*0, then vw contains a hexadecimal number 
showing which of the parallel lines from the A/D did not 
change. The number can range from 001 to 3FF. A value of 
001 means that the least significant output line from the A/D 
did not change. A 002 means that the second least significant 
didn't change. A 004 means that the third least significant 
didn't change. A 200 means that the most significant didn’t 
change. If more than one line is stuck then vw will be the 
hexadecimal sum. of the individual failures. 


The most common cause of failure is the A/D itself. How¬ 
ever, if any of its parallel data output lines are reported as 
being stuck, an oscilloscope or logic probe can observe 
whether the A/D data output lines toggle while this test is 
running. If they do, then the problem may be that U310 or 
U320 on A301 is not able to read some of these lines. 

Generator Tests 

These are all non-interventional tests except for the last one. 

Main Transformer Signal Readings 

Test group 40 checks the ability to drive the main ratio trans¬ 
former with a sinewave at half and full signal levels. The 
peak-to-peak amplitude and symmetry about zero of the sig¬ 
nal are read by the A/D at both full and half levels. 

If all four tests fail, either the transformer is not being driven 
at ail or the M0.1R signal is not being selected by the MUX. 
If both amplitude tests fail, but the symmetry tests pass, the 
problem is likely to be in U101 or U102 or the transformer is 
overloaded which the next test group will detect. If one of the 
amplitude tests passes and the other fails, the problem is 
likely to be in the FULL/HALF circuit composed of U112 
and Q101. If the symmetry tests fail, the cause is likely to be 
one of the push-pull drivers (U103 or U104) of the main ratio 
transformer. 

Main Transformer Overload Detector Tests 

Test group 41 checks the ability to detect when excess cur¬ 
rent is required to drive the main ratio transformer. The cir¬ 
cuit using U105 accomplishes this by creating the OVRLD 
signal which is read by the A/D via the MUX. 

If test 41.2 fails when no overload is expected to be present, 
either the OVRLD detector is generating a false signal or the 
transformer current really is excessive. Excess current can be 
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Table 11-13 Main ratio transformer generator and driver tests 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signals 
suspect on FAIL 

40 

Test ability to set sine generator to full/half and test waveform symmetry 

40.1 

Select M 0.1 R with U410 MUX, leave generator level at 
half, measure sinewave peak-to-peak volts with A/D 

Main transformer has 
expected voltage level 

U410, U102, U103, 
U104. U 1.05 

40.2 

Select M 0.1 R with U410 MUX, leave generator level at 
half, measure sinewave symmetry with A/D 

Main transformer signal 
is symmetric 

U410, U102, U103, 

U104, U105 


Select M 0.1 R with U410 MUX, set generator level to full, 
measure sinewave peak-to-peak volts with A/D 

Main transformer has 
expected voltage level 

U410, IJ102, U103, 

U104. U105 

40.4 

Select M 0.1 R with U410 MUX, set generator level to full, 
measure sinewave symmetry with A/D 

Main transformer signal 
is symmetric 

U410, U102, U.103, 
U104. U105 

41 

Test main ratio transformer overload (OVRLD) detec 

tor 

41.1 

Select OVRLD with U410 MUX, set ATN selector U146 to 
open, set RD selectors U144, U145 to open 

OVRLD signal is not 
generated on no overload 

U102-U105. U1.44- 
152, K101-136 

41.2 

Select OVRLD with U41.0 MUX, set ATN selector U146 to 

15 V. prompt to load HIGH to ground with a terminator using 
the message: Conn t E r ho HI UH. Measure OVRLD 
after operator presses |STEP| key. Prompt for disconnection 
of setup with dl 5 Conn SEE UP. 

OVRLD signal is gener¬ 
ated on overload 

U105, U146, U147, 

IJ 152 


caused by a short of some kind in the main ratio transformer 
or misadjustment of trimpot R104, but it is most commonly 
caused by a relay that is stuck closed in the RD's or ATN cir¬ 
cuits. Stuck relays in these circuits are specifically dealt with 
by test groups 82 through 92. The procedure for adjusting 
R104 is given in the next section. 

Test 41.2 is used to verify that an overload can be created and 
detected. This test requires that an external load with a suffi¬ 
ciently low resistance be placed between the HIGH terminal 
and ground. An ordinary 500 BNC terminator plugged into 
the HIGH terminal is all that is needed. The following proce¬ 
dure is used: 

1 . Wait for the prompt Conn h E r to HI OH to 
appear. 

2. Plug a 500 BNC terminator into the HIGH terminal. 

3. Press the I step ! key to cause the test routine to com¬ 
plete the test by checking the OVRLD signal. 

4. When the dl SC on n SEE UP prompt appears, 
unplug the 500 terminator from the HIGH terminal. 

5. Press the iSTEPl key to report the test result or to con¬ 
tinue execution of tests. 

A failure of this test is probably in the U105 overload detec¬ 
tion circuit. However, since no ATN tests have been previ¬ 
ously performed, a failure could also result from no overload 
being generated if Kl 13 does not close. 


Adjustment of HIGH Terminal Signal Level 

Trimpot R104 on the main board adjusts the HIGH terminal 
output voltage. If this voltage is set too high, the OVRLD 
signal may be generated. The trimpot is identified in 
Fi gure 11-4 at the end of this chapter. 

Issuing the command jTESTl [^[SE^CD [ENTERI will 
cause the HIGH terminal to be driven by its maximum signal 
level of 15 volts. It will remain at this level even after the test 
is finished. The HIGH terminal output voltage can be mea¬ 
sured with respect to ground with a voltmeter having an AC 
voltage accuracy of 1 % or better. The trimpot should be set 
so the meter reads 15 volts ±5%. 

Preamp vs. DAC Tests 

These two sets of tests are the most complete check of the 
ACG (AC Gain) circuit in the preamp. These tests verify that 
each gain setting of the ACG circuit works and has nominally 
the right gain. Each ACG setting is also tested to see that it 
has the correct gain ratio relative to its neighbors. 

The tests are performed by using the DAC to generate differ¬ 
ent test voltages. Since the DAC is essentially untested at this 
point, the ACG tests are also the most significant tests of the 
DAC performed thus far. For this reason, the entire set of 
tests is performed twice, once using the IDAC as the signal 
source and once using the QDAC. This way, both sets of tests 
must have similar failures before the ACG circuit is the main 
suspect. 
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Table 11-14 Preamp versus DAC tests 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signals 
suspect on FAIL 

50 

Test LOW ACG against ID AC 

50.1 

Set ACG to zero, adjust IDAC so A/D reads max of I & Q 
channels at -25% of FS 

ACG and IDAC work at 
these settings 

U602, U603, U609, 
preamp, IDAC 

50.2 

Set ACG to zero, adjust IDAC so A/D reads -25% of FS, 
then set ACG to one 

ACG one/zero magni¬ 
tude ratio is acceptable 

U602, U603, U609 

50.3 

Set ACG to one, adjust IDAC so A/D reads max of I & Q 
channels at -25% of FS 

IDAC sig. level approx, 
right at this gain setting 

IDAC 

50.4 

Set ACG to one, adjust IDAC so A/D reads -25% of FS, then 
set ACG to two 

ACG two/one magni¬ 
tude ratio is acceptable 

U602, U603, U609 

50.5 

Set ACG to two, adjust IDAC so A/D reads max of I & Q 
channels at -25% of FS 

IDAC sig. level approx, 
right at this gain setting 

IDAC 

50.6 

Set ACG to two, adjust IDAC so A/D reads -25% of FS, then 
set ACG to three 

ACG three/two magni¬ 
tude ratio is acceptable 

U602. U603, U609 

51 

Test HIGH ACG against IDAC 

51.1 

Set ACG to three, enable shunt, adjust IDAC so A/D reads 
max of I & Q channels at -25% of FS 

IDAC sig. level approx, 
right at this gain setting 

U602, U603, U609, 
preamp, IDAC 

51.2 

Set ACG to three, enable shunt, adjust IDAC so A/D reads 
-25% of FS, then set ACG to four 

ACG four/three magni¬ 
tude ratio is acceptable 

U602, U603, U609 

51.3 

Set ACG to four, enable shunt, adjust IDAC so A/D reads 
max of I & Q channels at -25%; of FS 

IDAC sig. level approx, 
right at this gain setting 

IDAC 

51.4 

Set ACG to four, enable shunt, adjust IDAC so A/D reads 
-25% of FS, then set ACG to five 

ACG five/four magni¬ 
tude ratio is acceptable 

U602, U603, U609 

51.5 

Set ACG to five, enable shunt, adjust IDAC so A/D reads 
max of I & Q channels at -25% of FS 

IDAC sig. level approx, 
right at this gain setting 

IDAC 

51.6 

Set ACG to live, enable shunt, adjust IDAC so A/D reads 
-25% of FS, then set ACG to six 

ACG six/five magnitude 
ratio is acceptable 

U602, U603, U609 

51.7 

Set ACG to six, enable shunt, adjust IDAC so A/D reads max 
of I & 0 channels at -25% of FS 

IDAC sig. level approx, 
right at this gain setting 

IDAC 

51.8 

Set ACG to six, enable shunt, adjust IDAC so A/D reads 
-25% of FS, then set ACG to seven 

ACG seven/six magni¬ 
tude ratio is acceptable 

U602, U603, U609 

51.9 

Set ACG to seven, enable shunt, adjust IDAC so A/D reads 
max of I & Q channels at -25% of FS 

IDAC sig. level approx, 
right at this gain setting 

IDAC 

51.10 

Set ACG to seven, enable shunt, adjust IDAC so A/D reads 
-25% of FS, then set ACG to eight 

ACG eight/seven magni¬ 
tude ratio is acceptable 

U602, U603, U609 

51.11 

Set ACG to eight, enable shunt, adjust IDAC so A/D reads 
max of I & Q channels at -25% of FS 

IDAC sig. level approx, 
right at this gain setting 

IDAC 

52 

Test LOW ACG against QDAC 

52.1 

Set ACG to zero, set S/P/B to B, adjust QDAC so A/D reads 
max of I & Q channels at -25% of FS 

ACG and QDAC work at 
these settings 

U602, U603, U609, 
preamp. QDAC 

52,2 

Set ACG to zero, adjust QDAC so A/D reads -25% of FS, 
then set ACG to one 

ACG one/zero magni¬ 
tude ratio is acceptable 

U602, U603, U609 

52.3 

Set ACG to one, adjust QDAC so A/D reads max of I & Q 
channels at -25% of FS 

QDAC sig. level approx, 
right at this gain setting 

QDAC 

52.4 

Set ACG to one, adjust QDAC so A/D reads -25% of FS, 
then set ACG to two 

ACG two/one magni¬ 
tude ratio is acceptable 

U602, U603, U609 
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Table 11-14 Preamp versos DAC tests 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signals 
suspect on FAIL 

52,5 

Set ACG to two. adjust QDAC so A/D reads max of I & Q 
channels at -25% of FS 

QDAC sig. level approx, 
right at this gain setting 

QDAC 


Set ACG to two. adjust QDAC so A/D reads -25% of FS, 
then set ACG to three 

ACG three/two magni¬ 
tude ratio is acceptable 

1)602, U603, U609 


Test HIGH ACG against QDAC 

53.1 

Set ACG to three, enable shunt, adjust QDAC so A/D reads 
max of I & Q channels at -25% of FS 

QDAC sig. level approx, 
right at this gain setting 

U602. U603, U609, 
preamp, QDAC 

53.2 

Set ACG to three, enable shunt, adjust QDAC so A/D reads 
-25% of FS, then set ACG to four 

ACG four/three magni¬ 
tude ratio is acceptable 

U602, IJ603, U609 

53.3 

Set ACG to four, enable shunt, adjust QDAC so A ID reads 
max of I & Q channels at -25% of FS 

QDAC sig. level approx, 
right at this gain setting 

QDAC 

53.4 

Set ACG to four, enable shunt, adjust QDAC so A/D reads 
-25% of FS, then set ACG to five 

ACG five/four magni¬ 
tude ratio is acceptable 

U602, U603, U609 

53.5 

Set ACG to five, enable shunt, adjust QDAC so A/D reads 
max of I & Q channels at -25% of FS 

QDAC sig. level approx, 
right at this gain setting 

QDAC 

53.6 

Set ACG to five, enable shunt adjust QDAC so A/D reads 
-25% of FS. then set ACG to six 

ACG six/five magnitude 
ratio is acceptable 

U602, U603, U609 

53.7 

Set ACG to six, enable shunt, adjust QDAC so A/D reads 
max of I & Q channels at -25% of FS 

QDAC sig. level approx, 
right at this gain setting 

QDAC 

53.8 

Set ACG to six, enable shunt, adjust QDAC so A/D reads 
-25% of FS, then set ACG to seven 

ACG seven/six magni¬ 
tude ratio is acceptable 

U602, U603, U609 

53.9 

Set ACG to seven, enable shunt, adjust QDAC so A/D reads 
max of I & Q channels at -25% of FS 

QDAC sig. level approx, 
right at this gain setting 

QDAC 

53.10 

Set ACG to seven, enable shunt, adjust QDAC so A/D reads 
-25% of FS, then set ACG to eight 

ACG eight/seven magni¬ 
tude ratio is acceptable 

U602, U603, U609 

53.11 

Set ACG to eight, enable shunt, adjust QDAC so A/D reads 
max of I & Q channels at -25% of FS 

QDAC sig. level approx, 
right at this gain setting 

QDAC 


Failures of only one set of tests imply that there is a problem 
in the DAC. This is not of much concern at this point because 
much more specific DAC tests are performed later and these 
tests should be of more help in localizing DAC problems. 

A failure of both of the low gain ratio tests 50.2 and 52.2 
indicates that the trimpot R624 may need adjustment. This is 
done by issuing the command |test| ITIITirVIfTl 
I REPEAT! lENTERl (Test 52.2 should work equally well.) If 
“halt on error” is set, use [TEST] I FORMAT] fol [ENTER] to 
reset this bit so the gain ratio will be shown continuously 
even if it is causing an error. The [j*] key can then be used to 
make the front panel show the second window in the test 
result which contains the gain ratio value as read by the A/D. 
The trimpot may then be adjusted while watching the gain 
ratio value in the upper display. The allowable window val¬ 
ues for the gain ratio are shown in the third window of the 
test result. If the gain ratio value cannot be brought within the 
acceptable window of values, then a hardware failure has 
occurred. 

11-24 Diagnosis and Repair 


Main Board Tests 

At this point, if all prior tests have been run, then all have 
been completed on all major assemblies except for the main 
board. Except as noted, all the main hom'd tests are designed 
to localize problems on the main board. Failures of any of 
these tests are not likely to help identify failures on other 
boards. 

There are many simple, independent, firmware testable cir¬ 
cuits on the main board. As a result, most of the likely fail ¬ 
ures on this board can be repaired without replacing the 
board. 

The main board tests assume that the rest of the bridge is 
functioning because most of the other circuits are required to 
do the main board tests. Ail but the ATN tests use the bridge 
in its test/calibration mode which closes the test/calibration 
relay (K601) in the preamp. This disconnects the LOW ter¬ 
minal so that it doesn’t matter what is externally connected to 
it. Otherwise, these tests operate the bridge in its normal 
manner. This involves selecting particular DAC and RD set- 
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Table 11-15 Comprehensive DAC tests 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signals 
suspect on FAIL 

60 

Test that each switch element in MSD of ID AC can cause a change 

60.1 

Set 1DAC MSD to IP 0.0 using U122. ACG=0, A/D reads 
max of I & Q; then set U122 to IP 1.0 

A/D sees a change => 
U122 pin 5 connects 

UU8, U122, U127 

60.2 

Set 1DAC MSD to IP 0.0 using U122. ACG=0, A/D reads 
max of r & Q: then set U122 to IP 0.8 

A/D sees a change => 

U122 pin 1 connects 

U118, U122, U127 

60.3 

Set IDAC MSD to IP 0.0 using U122. AC.G=0, A/D reads 
max of I & Q; then set U122 to IP 0.6 

A/D sees a change -> 
UI.22 pin 12 connects 

U l 18, U122, U127 

60.4 

Set IDAC MSD to IP 0,0 using Ul.22, ACG=0, A/D reads 
max of I & Q; then set U122 to IP 0.4 

A/D sees a change => 
U122 pin 15 connects 

Ul'18, U122, U127 

60.5 

Set IDAC MSD to IP 0.0 using U122, ACG=0, A/D reads 
max of I & Q: then set U122 to IP 0.2 

A/D sees a change => 
U122 pin 14 connects 

U118, U122, U127 

60.6 

Set IDAC MSD to IP 0.0 using U122. ACG=0, A/D reads 
max of I & Q; then set Ul 22 to IP -0.1 

A/D sees a change => 
U122 pin 4 connects 

U118, U122, U127 

60.7 

Set IDAC MSD to IP0.0 using Ul24. ACG=0, A/D reads 
max of I & Q; then set U124 pin I to IP 1.0 

A/D sees a change => 
U124 pin 1 connects 

U118, U124, U126 

61 

Test that each switch element in second MSD of IDAC can cause a change 

Hi 

Set IDAC 2nd MSD to IP 0.0 using U121, ACG=0, A/D 
reads max of I & Q; then set U121 to TP 1.0 

A/D sees a change => 

U121 pin 5 connects 

U117, Ul21, U125 


Set IDAC 2nd MSD to IP 0.0 using U121. ACG=0, A/D 
reads max of I & Q; then set U121 to IP 0.8 

A/D sees a change => 
U121 pin 1 connects 

U117, U121, U125 

61.3 

Set IDAC 2nd MSD to IP 0.0 using U121, ACG=0, A/D 
reads max of I & Q; then set U121 to IP 0.6 

A/D sees a change => 
U121 pin 12 connects 

U117, U121, U1.25 

61.4 

Set IDAC 2nd MSD to IP 0.0 using Ul 21, ACG=0, A/D 
reads max of 1 & Q; then set U121 to IP 0.4 

A/D sees a change => 

U121 pin 15 connects 

U117,U121, U125 

61.5 

Set IDAC 2nd MSD to IP 0.0 using U12L ACG=0, A/D 
reads max of I & Q; then set Ul 21 to IP 0.2 

A/D sees a change => 
UI21 pin 14 connects 

U117, U121, U125 

61.6 

Set IDAC 2nd MSD to IP 0.0 using Ul 21, ACG=0, A/D 
reads max of I & Q; then set U121 to IP -0.1 

A/D sees a change => 
U121 pin 4 connects 

U117, U121, U125 

61.7 

Set IDAC 2nd MSD to IP 0.0 using U124, ACG=0, A/D 
reads max of I & Q; then set U124 pin 3 to IP 1.0 

A/D sees a change => 
U124 pin 3 connects 

U117, U124 

62 

Test that each switch element in third MSD of IDAC can cause a change 

62.1 

Set IDAC 3rd MSD to IP 0.0 using Ul 20, set ACG=2, A/D 
reads max of I & Q: then set U120 to IP 1.0 

A/D sees a change => 
U120 pin 5 connects 

U1.16, U120 

62.2 

Set IDAC 3rd MSD to IP 0.0 using U120, set ACG=2, A/D 
reads max of I & Q; then set U120 to IP 0.8 

A/D sees a change => 

U120 pin l connects 

U116, U120 

62.3 



U116, U120 

62.4 

Set IDAC 3rd MSD to IP 0.0 using U120, set ACG=2, A/D 
reads max of I & Q: then set U120 to IP 0.4 

A/D sees a change => 
U120 pin 15 connects 

Ul 16, U120 

62.5 

Set IDAC 3rd MSD to IP 0.0 using U120, set ACG=2, A/D 
reads max of I & Q; then set Ul 20 to IP 0.2 

A/D sees a change => 

U120 pin 14 connects 

U116, U120 

62.6 

Set IDAC 3rd MSD to IP 0.0 using U120, set ACG=2, A/D 
reads max of I & Q; then set U120 to IP -0.1 

A/D sees a change => 
UI20 pin 4 connects 

IJ116, U120 

62.7 

Set IDAC 3rd MSD to IP 0.0 using U124, set ACG=2, A/D 
reads max of I & Q; then set U124 pin 13 to IP 1.0 

A/D sees a change => 
U124 pin 13 connects 

U116, U124 
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Table 11-15 Comprehensive DAC tests 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signals 
suspect on FAIL 

63 

Test that each switch element in fourth MSD of IDAC can cause a change 

63.1 

Set IDAC 4th MSD to IP 0.0 using U119, set ACG=4, A/D 
reads max of I & Q: then set U119 to IP 1.0 

A/D sees a change -> 

U119 pin 5 connects 

U115,U119 

63.2 

Set IDAC 4th MSD to IP 0.0 using UII9, set ACG=4, A/D 
reads max of I & Q: then set U119 to IP 0.8 

A/D sees a change => 

U119 pin 1 connects 

Ul 15, U11.9 

63.3 

Set IDAC 4th MSD to IP 0.0 using U119. set ACG=4, A/D 
reads max of I & Q; then set U119 to IP 0.6 

A/D sees a change => 

U119 pin 12 connects 

Ul 15, U1I9 

63.4 

Set IDAC 4th MSD to IP0.0 using Ul 19, set ACG=4, A/D 
reads max of I & Q; then set Ul 19 to IP 0.4 

A/D sees a change => 

U119 pin 15 connects 

U115, U119 

63.5 

Set IDAC 4th MSD to IP 0.0 using Ul 19. set ACG=4, A/D 
reads max of I & Q; then set Ul 19 to IP 0.2 

A/D sees a change => 

Ul 19 pin 14 connects 

U115, U119 

63.6 

Set IDAC 4th MSD to IP 0.0 using U119, set ACG=4, A/D 
reads max of I & Q; then set U119 to IP -0.1 

A/D sees a change => 

Ul 19 pin 4 connects 

U115.UU9 

63.7 

Set IDAC 4th MSD to IP 0.0 using U123, set ACG=4, A/D 
reads max of I & Q; then set U123 pin 13 to IP 1.0 

A/D sees a change => 
U123 pin 13 connects 

U115.U123 

64 

Test that each switch element in fifth MSD of IDAC can cause a change 

64.1 

Set IDAC 5th MSD to IP 0.0 using U154, set ACG=6, A/D 
reads max of I & Q: then set U154 to IP 1.0 

A/D sees a change => 

U154 pin 5 connects 

U153, U1.54 

64.2 

Set IDAC 5th MSD to IP 0.0 using U154, set ACG=6, A/D 
reads max of I & Q; then set U154 to IP 0.8 

A/D sees a change => 

U154 pin 1 connects 

U153, U154 

64.3 

Set IDAC 5th MSD to IP 0.0 using U154, set ACG=6, A/D 
reads max of I & Q; then set U154 to IP 0.6 

A/D sees a change => 
U154 pin 12 connects 

U153, U154 

64.4 

Set IDAC 5th MSD to IP 0.0 using Ul54, set ACG=6, A/D 
reads max of I & Q; then set U154 to IP 0.4 

A/D sees a change => 
U1.54 pin 15 connects 

U153, U154 

64.5 

Set IDAC 5th MSD to IP 0.0 using Ul 54, set ACG=6, A/D 
reads max of I & Q; then set U154 to IP 0.2 

A/D sees a change -> 
U1.54 pin 14 connects 

U153, U154 

64.6 

Set IDAC 5th MSD to IP 0.0 using U154, set ACG=6, A/D 
reads max of I & Q; then set U 1:54 to IP -0.1 

A/D sees a change -> 
U154 pin 4 connects 

U153, U154 


Set IDAC 5th MSD to IP 0.0 using Ul 23, set ACG=6, A/D 
reads max of I & Q; then set U123 pin 1 to IP 1.0 

A/D sees a change => 
U123 pin 1 connects 

U153, U123 

64.8 

Set IDAC 5th MSD to IP 0.0 using U123, set ACG=6, A/D 
reads max of I & Q; then set 11123 pin 3 to IP 1.0 

A/D sees a change => 

U123 pin 3 connects 

UU2, U123 

65 

Test that each switch element in MSD of QDAC can cause a change 

65.1. 

Set QDAC MSD to IP 0.0 using U138, ACG=0, 

A/D reads max of I & Q: then set U138 to IP 1.0 

A/D sees a change => 
U'138 pin 5 connects 

U134, U138, U140 

65.2 

Set QDAC MSD to IP 0.0 using U138, ACG=0, 

A/D reads max of I & Q; then set Ul38 to IP 0.8 

A/D sees a change => 
U138 pin 1 connects 

U1.34, U138, U140 

65.3 

Set QDAC MSD to IP 0.0 using U138, ACG=0, 

A/D reads max of I & Q; then set U138 to IP 0,6 

A/D sees a change => 
U138 pin 12 connects 

U134, U138, U140 

65.4 

Set QDAC MSD to IP 0.0 using U138, ACG=0, 

A/D reads max of I & Q; then set U138 to IP 0.4 

A/D sees a change => 
U138 pin 15 connects 

U134.U138.U140 

65.5 

Set QDAC MSD to IP 0.0 using Ul 38, ACG=0, 

A/D reads max of I & Q; then set U138 to IP 0.2 

A/D sees a change => 
U138 pin 14 connects 

U134.U138, U140 

65.6 

Set QDAC MSD to IP 0.0 using U138, ACG=0, 

A/D reads max of I & Q; then set U138 to IP -0.1 

A/D sees a change => 
U138 pin 4 connects 

U134, U138, U140 
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Table 11-15 Comprehensive DAC tests 


Test 

no. 

Description 

Parts/signais 
verified on PASS 

Parts/signals 
suspect on FAIL 

65.7 

Set QDAC MSD to IP 0.0 using U143, ACG=0. 

A/D reads max of I & Q; then set U143 pin 3 to IP 1.0 

A/D sees a change => 

1J143 pin 3 connects 

U134, U143, U141 

66 

Test that each switch element in second MSD of QDAC can cause a change 

66.1 

Set QDAC 2nd MSD to IP 0.0 using U137. ACG=0, 

A/D reads max of I & Q: then set Ul37 to IP 1.0 

A/D sees a change => 
U137 pin 5 connects 

U133, U137, U139 

66.2 

Set QDAC 2nd MSD to IP 0.0 using U137. ACG=Q, 

A/D reads max of I & Q; then set U137 to IP 0.8 

A/D sees a change => 

U137 pin 1 connects 

U133, U137, U139 

66.3 

Set QDAC 2nd MSD to IP 0.0 using U137, ACG=0, 

A/D reads max of I & Q; then set U137 to IP 0.6 

A/D sees a change => 

U137 pin 12 connects 

U133. U137, U139 

66.4 

Set QDAC 2nd MSD to IP 0.0 using U137, ACG=0, 

A/D reads max of I & Q; then set U137 to IP 0.4 

A/D sees a change => 
U'137 pin 15 connects 

U133, U137, U139 

66.5 

Set QDAC 2nd MSD to IP 0.0 using U137. ACG=0, 

A/D reads max of l & Q: then set U137 to IP 0.2 

A/D sees a change => 
U137 pin 14 connects 

U133, U137, U139 


Set QDAC 2nd MSD to IP 0.0 using U137, ACG=0, 

A/D reads max of I & Q; then set U137 to IP -0.1 

A/D sees a change => 

U137 pin 4 connects 

U133, U1.37, U139 


Set QDAC 2nd MSD to IP 0.0 using U143, ACG=0, 

A/D reads max of 1 & Q; then set U143 pin 13 to IP 1.0 

A/D sees a change -> 
U143 pin 13 connects 

U133, U143 

mm 

Test that each switch element in third MSD of QDAC can cause a change 

67.1 

Set QDAC 3rd MSD to IP 0.0 using U136, ACG=2, 

A/D reads max of I & Q; then set U136 to IP 1.0 

A/D sees a change -> 
U136 pin 5 connects 

U132, U1.36 

67.2 

Set QDAC 3rd MSD to IP 0.0 using U136, ACG=2, 

A/D reads max of I & Q; then set Ul 36 to IP 0.8 

A/D sees a change => 

U136 pin 1 connects 

U132, U136 

67.3 

Set QDAC 3rd MSD to IP 0.0 using 0136, ACG=2, 

A/D reads max of I & Q; then set U136 to IP 0.6 

A/D sees a change => 

U136 pin 12 connects 

U132, U136 

67.4 

Set QDAC 3rd MSD to IP 0.0 using U136, ACG=2, 

A/D reads max of I & Q; then set U136 to IP 0.4 

A/D sees a change => 
U136 pin 15 connects 

U132, U136 


Set QDAC 3rd MSD to IP 0.0 using U136, ACG=2, 

AID reads max of I & Q; then set U136 to IP 0.2 

A/D sees a change => 

U136 pin 14 connects 

Ul 32, U136 


Set QDAC 3rd MSD to IP 0.0 using U136, ACG=2, 

A/D reads max of I & Q; then set U136 to IP -0.1 

A/D sees a change => 

Ul 36 pin 4 connects 

01.32, U136 

mu 

Set QDAC 3rd MSD to IP 0.0 using U143, ACG=2, 

A/D reads max of I & Q; then set U143 pin 1 to IP 1.0 

A/D sees a change => 
U143 pin 1 connects 

U132, 0143 

68 

Test that each switch element in fourth MSD of QDAC can cause a change 

68.1 

Set QDAC 4th MSD to IP 0.0 using U135, ACG=4, 

A/D reads max of I & Q; then set U135 to IP 1.0 

A/D sees a change => 

U135 pin 5 connects 

0131,0135 

68.2 

Set QDAC 4tit MSD to IP 0.0 using U135, ACG=4, 

A/D reads max of I & Q; then set U135 to IP 0.8 

A/D sees a change => 
U135 pin 1 connects 

0131,0135 

68.3 

Set QDAC 4th MSD to IP 0.0 using U135, ACG=4, 

A/D reads max of I & Q; then set U135 to IP 0.6 

A/D sees a change => 
U135 pin 12 connects 

U131, U135 

68.4 

Set QDAC 4th MSD to IP 0.0 using U135, ACG-4, 

A/D reads max of I & Q; then set U135 to IP 0.4 

A/D sees a change => 
U135 pin 15 connects 

U131,0135 

68.5 

Set QDAC 4th MSD to IP 0.0 using U135, ACG=4, 

A/D reads max of I & Q; then set U135 to IP 0.2 

A/D sees a change => 
U135 pin 14 connects 

0131,0135 

68.6 

Set QDAC 4th MSD to IP 0.0 using U135, ACG=4, 

A/D reads max of I & Q; then set U135 to IP -0.1 

A/D sees a change => 
U135 pin 4 connects 

0131, U135 
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Table 11-15 Comprehensive DAC tests 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signals 
suspect on FAIL 

68.7 

Set QDAC 4th MSD to IP 0.0 using U142, ACG=4, 

A/D reads max of 1 & Q: then set U142 pin 1 to IP 1.0 

A/D sees a change => 
U142 pin 1 connects 

U131, U142 

69 

Test that each switch element in fifth MSD of QDAC can cause a change 

69.1 

Set QDAC 5th MSD to IP 0.0 using U155, ACG=6, 

A/D reads max of I & Q; then set U155 to IP 1.0 

A/D sees a change => 
U155 pin 5 connects 

U1KU155 

69.2 

Set QDAC 5th MSD to IP 0.0 using U155, ACG=6, 

A/D reads max of I & Q; then set U155 to IP 0.8 

A/D sees a change => 
U155 pin 1 connects 

Ul 14, U 1.55 

69.3 

Set QDAC 5th MSD to IP 0.0 using U155, ACG=6, 

A/D reads max ofl & Q; then set U155 to IP 0.6 

A/D sees a change => 
U155 pin 12 connects 


69.4 

Set QDAC 5th MSD to IP 0.0 using U155, ACG=6, 

A/D reads max of 1 & Q; then set U155 to IP 0.4 

A/D sees a change => 
U155 pin 15 connects 

U11.4, U155 

69.5 

Set QDAC 5th MSD to IP 0.0 using Ul 55, ACG=6, 

A/D reads max of I & Q; then set 0155 to IP 0.2 

A/D sees a change => 
U155 pin 14 connects 

Ul 14, U155 

69.6 

Set QDAC 5th MSD to IP 0.0 using U155, ACG=6, 

A/D reads max of I & Q; then set U155 to IP -0.1 

A/D sees a change => 
U155 pin 4 connects 

U114, U155 

69.7 

Set QDAC 5th MSD to IP 0.0 using U142, ACG=6, 

A/D reads max of I & Q; then set U142 pin 13 to IP 1.0 

A/D sees a change —> 
U1.42 pin 13 connects 

U114, U142 

69.8 

Set QDAC 5th MSD to IP 0.0 using U142, ACG=6, 

A/D reads max of! & Q; then set U142 pin 3 to IP 1.0 

A/D sees a change -> 

U142 pin 3 connects 

U1I3, U142 


Test gain ratios of MSD of ID AC 

70.1 

Set MSD of IDAC to IP 1.0 using U122, set ACG=2, enable 
shunt, A/D reads max of I & Q 

IDAC sees reasonable 
signal at this setting 

Ul.1.8, U1.22, U127 

70.2 

Set IDAC MSD to IP 1.0 using U122, set ACG=2, enable 
shunt, A/D reads max of I & Q; then set U122 to IP 0.8 

IDAC MSD generates 
correct 1.0/8 ratio 

U118, U122, U127 

70.3 

Set IDAC MSD to IP 0.8 using U122, set ACG=2, enable 
shunt, A/D reads max of I & Q; then set U122 to IP 0.6 

IDAC MSD generates 
correct 8/6 ratio 

U118, U122, U127 

70.4 

Set IDAC MSD to IP 0.6 using U122, set ACG=2, enable 
shunt, A/D reads max of I & Q: then set (J122 to IP 0.4 

IDAC MSD generates 
correct 6/4 ratio 

U1.18, U122, IJ127 

70.5 

Set IDAC MSD to IP 0.4 using U122, set ACG=3, enable 
shunt, A/D reads max of I & Q; then set U122 to IP 0.2 

IDAC MSD generates 
correct 4/2 ratio 

U l 18, U122, U127 


Set IDAC MSD to IP 0.2 using U122, set ACG=3, enable 
shunt, A/D reads max of I & Q; then set U122 to IP -0.1 

IDAC MSD generates 
correct 2/1 ratio 

U118, U122, U127 

70.7 

Set IDAC MSD to IP 0.2 using UI22, set ACG=3, enable 
shunt, A/D reads max of I & Q; then set U122 to IP 0.0 & set 

U124 pin 15 to IP 1.0 

IDAC MSD generates 
correct 2/1. ratio 

U118, U124, U126 

71 

Test gain ratios of second MSD of IDAC 

71.1 

Set MSD of IDAC to IP -0.1 using U122, enable shunt, set 
ACG=4, A/D reads max of I & Q, then set U122 to IP 0.0 and 
set 2nd MSD of IDAC to IP 1.0 using U121 

IDAC MSD relative to 

2nd MSD generates cor¬ 
rect 1/1 ratio 

U117, U121, U1.25 

71.2 

Set IDAC 2nd MSD to IP 1.0 using U121, enable shunt, set 
ACG=4, A/D reads max ofl & Q; then set U121 to IP 0.8 

IDAC 2nd MSD gener¬ 
ates correct 10/8 ratio 

U117, U121, U125 

71.3 

Set IDAC 2nd MSD to IP 0.8 using U121, enable shunt, set 
ACG=4, A/D reads max of I. & Q; then set U121 to IP 0.6 

IDAC 2nd MSD gener¬ 
ates correct 8/6 ratio 

U117, U121, U1.25 

71.4 

Set ID AC 2nd MSD to IP 0.6 using U121, enable shunt, set 
ACG=4, A/D reads max of I & Q; then set U121 to IP 0.4 

IDAC 2nd MSD gener¬ 
ates correct 6/4 ratio 

U 1.17, U121, U1.25 
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Table 11-15 Comprehensive DAC tests 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signals 
suspect on FAIL 

71.5 

Set IDAC 2nd MSD to IP 0.4 using U121, enable shunt, set 
ACG=5. A/D reads max of I & Q; then set IJ121 to IP 0.2 

IDAC 2nd MSD gener¬ 
ates correct 4/2 ratio 

U117. Ul21, Ul25 

71.6 

Set IDAC 2nd MSD to IP 0.2 using U121, enable shunt, set 
ACG=5. A/D reads max of I & Q; then set U121 to IP -0.1 

IDAC 2nd MSD gener¬ 
ates correct 2/1 ratio 

Ul 17. Ul21. U125 

71.7 

Set IDAC 2nd MSD to IP 0.2 using U121. enable shunt, set 
ACG=5, A/D reads max of I & Q; then set U121 to IP 0.0 
and set U124 pin 4 to IP 1.0 

IDAC 2nd MSD gener¬ 
ates correct 2/1 ratio 

Ul 17, IJ124 

72 

Test gain ratios of third MSD of IDAC 

■ 

Set 2nd MSD of IDAC to IP -0. i using U121, set ACG=1, A/ 
D reads max of I & Q; then set U121 to IP 0.0 and set 3rd 
MSD of IDAC to IP 1.0 using U120 

IDAC 2nd MSD relative 
to 3rd MSD generates 
correct 1/1 ratio 

Ul 16, U1.20 

72.2 

Set IDAC 3rd MSD to IP 1.0 using U120, set ACG=1, A/D 
reads max of I & Q; then set U120 to IP 0.8 

IDAC 3rd MSD gener¬ 
ates correct 10/8 ratio 

U116.U1.20 


Set IDAC 3rd MSD to IP 0.8 using U120, set ACG=1, A/D 
reads max of I & Q; then set U120 to IP 0.6 

IDAC 3rd MSD gener¬ 
ates correct 8/6 ratio 

U116.U120 

H 

Set IDAC 3rd MSD to IP 0,6 using UI20, set ACG=1, A/D 
reads max of I & Q; then set U120 to IP 0.4 

IDAC 3rd MSD gener¬ 
ates correct 6/4 ratio 

U116, U120 


Set IDAC 3rd MSD to IP 0.4 using U120. set ACG=2, A/D 
reads max of I & Q; then set U120 to IP 0.2 

IDAC 3rd MSD gener¬ 
ates correct 4/2 ratio 

U116, U120 

72.6 

Set IDAC 3rd MSD to IP 0.2 using U120, set ACG=2, A/D 
reads max of 1 & Q; then set U120 to IP -0.1 

IDAC 3rd MSD gener¬ 
ates correct 2/1 ratio 

U116, U120 

72.7 

Set IDAC 3rd MSD to IP 0.2 using U120, set ACG=2, A/D 
reads max of I & Q; then set U120 to IP 0.0 and set U124 pin 

14 to IP 1.0 

IDAC 3rd MSD gener¬ 
ates correct 2/1 ratio 

Ul 16, U124 

73 

Test gain ratios of fourth MSD of IDAC 

73.1 

Set 3rd MSD of IDAC to IP -0.1 using Ul 20, set ACG=3, A/ 

D reads max of I & Q. then set U120 to IP 0.0 and set 4th 
MSD of IDAC to IP 1.0 using U119 

IDAC 3rd MSD relative 
to 4th MSD generates 
correct i/1 ratio 

U.11.5, U1.19 

73.2 

Set IDAC 4th MSD to IP 1.0 using U119. set ACG=3, A/D 
reads max of I & Q; then set U119 to IP 0.8 

IDAC 4th MSD gener¬ 
ates correct 10/8 ratio 

U115, U119 

73.3 

Set IDAC 4th MSD to IP 0.8 using U119. set ACG=3, A/D 
reads max of I & Q; then set U119 to IP 0.6 

IDAC 4th MSD gener¬ 
ates correct 8/6 ratio 

Ul 15, Ul 19 

73.4 

Set IDAC 4th MSD to IP 0.6 using Ul19, set ACG=3, A/D 
reads max of I & Q; then set U11.9 to IP 0.4 

IDAC 4th MSD gener¬ 
ates correct 6/4 ratio 

U115, U.1.19 

73.5 

Set IDAC 4th MSD to IP 0.4 using U1.19, set ACG=4, A/D 
reads max of I & Q; then set Ul 19 to IP 0.2 

IDAC 4th MSD gener¬ 
ates correct 4/2 ratio 

U l 15, U119 

73.6 

Set IDAC 4th MSD to IP 0.2 using U119, set ACG=4, A/D 
reads max of 1 & Q; then set U119 to IP -0.1 

IDAC 4th MSD gener¬ 
ates correct 2/1 ratio 

Ul 15, Ul 19 

73.7 

Set IDAC 4th MSD to IP 0.2 using U119, set ACG=4, A/D 
reads max of I & Q; then set Ul 19 to IP 0.0 and set U123 pin 

14 to IP 1.0 

IDAC 4th MSD gener¬ 
ates correct 2/1 ratio 

U115.U123 

74 

Test gain ratios of fifth MSD of IDAC 

74.1 

Set 4th MSD of IDAC to IP -0.1 using Ul 19, set ACG=5. A/ 

D reads max of I & Q, then set U l 19 to IP 0.0 and set 5th 
MSD of IDAC to IP 1.0 using U154 

IDAC 4th MSD relative 
to 5th MSD generates 
correct 1/1 ratio 

U153, U154 
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Table 11-15 Comprehensive DAC tests 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signals 
suspect on FAIL 

74.2 

Set 1DAC 5th MSD to IP 1.0 using U154, set ACG=5, A/D 
reads max of I & Q; then set LJ154 to IP 0.8 

IDAC 5th MSD gener¬ 
ates correct 10/8 ratio 

U153, U154 

74.3 

Set IDAC 5th MSD to IP 0.8 using U154, set ACG=5, A/D 
reads max of I & Q; then set U154 to IP 0.6 

IDAC 5th MSD gener¬ 
ates correct 8/6 ratio 

U153, U154 

74.4 

Set IDAC 5th MSD to IP 0.6 using U154, set ACG=5, A/D 
reads max of I & Q; then set U154 to IP 0.4 

IDAC 5th MSD gener¬ 
ates correct 6/4 ratio 

U 1.53, U154 

74.5 

Set IDAC 5th MSD to IP 0.4 using U154, set ACG=6, A/D 
reads max of I & Q; then set U154 to IP 0.2 

IDAC 5th MSD gener¬ 
ates correct 4/2 ratio 

U 153,11154 

74.6 

Set IDAC 5th MSD to IP 0.2 using U154, set ACG=6, A/D 
reads max of 1 & Q; then set IJ154 to IP -0.1 

IDAC 5th MSD gener¬ 
ates correct 2/1 ratio 

U153, U154 

74.7 

Set IDAC 5th MSD to IP 0.2 using IJ 154, set ACG=6, A/D 
reads max of I & Q; then set U154 to IP 0.0 and set U123 pin 

15 to IP 1.0 

IDAC 5th MSD gener¬ 
ates correct 2/1 ratio 

U153, U123 

74.8 

Set IDAC 5th MSD to IP 1.0 using U123 pin 15, set ACG=6, 
A/D reads max of I & Q; then set U123 pin 15 to IP 0.0 and 
set IDAC’ 6th MSD using U123 pin 4 to IP i.O 

IDAC 5th MSD relative 
to 6th MSD generates 
correct 2/1 ratio 

U 1.12, U123 

75 

Test gain ratios of MSD of QDAC 

75.1 

Set MSD of QDAC to Q 3.0 using U138. set ACG=2, enable 
shunt, A/D reads max of I & Q channels 

QDAC sees reasonable 
signal at this setting 

LJ134, U138, U140 

75,2 

Set QDAC MSD to Q 1.0 using U138, set ACG=2, enable 
shunt, A/D reads max of 1 & Q; then set U138 to Q 0.8 

QDAC MSD generates 
correct 10/8 ratio 

U134, U 138,11140 

75.3 

Set QDAC MSD to Q 0.8 using U138, set ACG=2, enable 
shunt, A/D reads max of I & Q: then set U i 38 to Q 0.6 

QDAC MSD generates 
correct 8/6 ratio 

U134, U138, U140 


Set QDAC MSD to Q 0.6 using 11138, set ACG=2, enable 
shunt, A/D reads max of I & Q; then set 11138 to Q 0.4 

QDAC MSD generates 
correct 6/4 ratio 

U134, U138, U140 


Set QDAC MSD to Q 0.4 using 17138, set ACG=3, enable 
shunt, A/D reads max of I & Q; then set U138 to Q 0.2 

QDAC MSD generates 
correct 4/2 ratio 

U134,11138, U140 


Set QDAC MSD to Q 0.2 using UI.38, set ACG=3, enable 
shunt, A/D reads max of I & Q; then set U! 38 to Q -0.1 

QDAC MSD generates 
correct 2/1 ratio 

U134, U138, U140 

75.7 

Set QDAC MSD to Q 0.2 using U138. set ACG=3, enable 
shunt, A/D reads max of I & Q; then set 11138 to Q 0.0 and 
set U143 pin 4 to Q 1.0 

QDAC MSD generates 
correct 2/1 ratio 

U134, U143, U141 

76 

Test gain ratios of second MSD of QDAC 

76.1 

Set MSD of QDAC to Q -0.1 using U138, enable shunt, set 
ACG=4, A/D reads max of I & Q, then set U138 to Q 0.0 and 
set 2nd MSD of QDAC to Q 1.0 using U137 

QDAC MSD relative to 
2nd MSD generates cor¬ 
rect 1/1 ratio 

U133.U137, IJ 139 

76.2 

Set QDAC 2nd MSD to Q 1.0 using U137, enable shunt, set 
ACG=4, A/D reads max of I & Q; then set U137 to Q 0.8 

QDAC 2nd MSD gener¬ 
ates correct 10/8 ratio 

U133, U1.37, U139 

76.3 

Set QDAC 2nd MSD to Q 0.8 using U137, enable shunt, set 
ACG=4, A/D reads max of I & Q; then set U137 to Q 0.6 

QDAC 2nd MSD gener¬ 
ates correct 8/6 ratio 

U133, U137, UI39 

76.4 

Set QDAC 2nd MSD to Q 0.6 using U137, enable shunt, set 
ACG=4, A/D reads max of I & Q; then set U137 to Q 0.4 

QDAC 2nd MSD gener¬ 
ates correct 6/4 ratio 

U133, U137, U139 

76.5 

Set QDAC 2nd MSD to Q 0.4 using U137, enable shunt, set 
ACG=5, A/D reads max of 1 & Q; then set U137 to Q 0.2 

QDAC 2nd MSD gener¬ 
ates correct 4/2 ratio 

U133, U137, U139 

76.6 

Set QDAC 2nd MSD to Q 0.2 using U137, enable shunt, set 
ACG=5, A/D reads max of I & Q; then set U137 to Q -0.1 

QDAC 2nd MSD gener¬ 
ates correct 2/1 ratio 

U133, U1.37, U139 
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Table 11-15 Comprehensive DAC tests 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signals 
suspect on FAIL 

76.7 

Set QDAC 2nd MSD to Q 0.2 using U137, enable shunt, set 
ACG=5, A/D reads max of 1 & Q; then set U137 to Q 0.0 and 
set U.1.43 pin 14 to Q 1.0 

QDAC 2nd MSD gener¬ 
ates correct 2/1 ratio 

U133, U143 

77 

Test gain ratios of third MSD of QDAC 

77.1 

Set 2nd MSD of QDAC to Q -0.1 using U137, set ACG=1, 
A/D reads max of I & Q; then set U137 to Q 0.0 and set 3rd 
MSD of QDAC to Q 1.0 using U136 

QDAC 2nd MSD rela¬ 
tive to 3rd MSD gener¬ 
ates correct 1/1 ratio 

U132, U136 

77.2 

Set QDAC 3rd MSD to Q 1.0 using U136, set ACG=1, A/D 
reads max of I & Q: then set UI 36 to Q 0.8 

QDAC 3rd MSD gener¬ 
ates correct 10/8 ratio 

U132, U136 

77.3 

Set QDAC 3rd MSD to Q 0.8 using U136, set ACG=1, A/D 
reads max of I & Q; then set U136 to Q 0.6 

QDAC 3rd MSD gener¬ 
ates correct 8/6 ratio 

U132, U136 

77.4 

Set QDAC 3rd MSD to Q 0.6 using U136, set ACG=1, A/D 
reads max of I & Q; then set U136 to Q 0.4 

QDAC 3rd MSD gener¬ 
ates correct 6/4 ratio 

U132, U136 

77.5 

Set QDAC 3rd MSD to Q 0.4 using UI 36, set ACG=2, A/D 
reads max of I & Q; then set U136 to Q 0.2 

QDAC 3rd MSD gener¬ 
ates correct 4/2 ratio 

U132, U1.36 

77.6 

Set QDAC 3rd MSD to Q 0.2 using U136, set ACG=2, A/D 
reads max of I & Q; then set U136 to Q -0.1 

QDAC 3rd MSD gener¬ 
ates correct 2/1 ratio 

U132, U136 

77.7 

Set QDAC 3rd MSD to Q 0.2 using U136, set ACG=2, A/D 
reads max of I & Q; then set U136 to Q 0.0 and set U143 pin 

15 to Q 1.0 

QDAC 3rd MSD gener¬ 
ates correct 2/1 ratio 

U132, U143 

78 

Test gain ratios of fourth MSD of QDAC 

78.1 

Set 3rd MSD of QDAC to Q -0.1 using U136, set ACG=3, A/ 
D reads max of I & Q; then set U136 to Q 0.0 and set 4th 

MSD of QDAC to Q 1.0 using U135 

QDAC 3rd MSD relative 
to 4th MSD generates 
correct 1/1 ratio 

U131, U135 


Set QDAC 4th MSD to Q 1.0 using U135, set ACG=3, A/D 
reads max of I & Q; then set U135 to Q 0.8 

QDAC 4th MSD gener¬ 
ates correct 10/8 ratio 

U131, U'135 


Set QDAC 4th MSD to Q 0.8 using U135, set ACG=3, A/D 
reads max of I & Q; then set U135 to Q 0.6 

QDAC 4th MSD gener¬ 
ates correct 8/6 ratio 

U131, U135 


Set QDAC 4th MSD to Q 0.6 using U135, set ACG=3, A/D 
reads max of I & Q; then set U135 to Q 0.4 

QDAC 4th MSD gener¬ 
ates correct 6/4 ratio 

U131, U135 


Set QDAC 4th MSD to Q 0.4 using U135, set ACG=4, A/D 
reads max of 1 & Q; then set U135 to Q 0.2 

QDAC 4th MSD gener¬ 
ates correct 4/2 ratio 

U131, U135 

78.6 

Set QDAC 4th MSD to Q 0.2 using U135, set ACG=4, A/D 
reads max of I & Q; then set U135 to Q -0.1 

QDAC 4th MSD gener¬ 
ates correct 2/1 ratio 

U131, U1.35 

78.7 

Set QDAC 4th MSD to Q 0.2 using U135, set ACG=4, A/D 
reads max of I & Q; then set U135 to Q 0.0 and set U142 pin 

15 to Q 1.0 

QDAC 4th MSD gener¬ 
ates correct 2/1 ratio 

U131, U1.42 

79 

Test gain ratios of fifth MSD of QDAC 

79.1 

Set 4th MSD of QDAC to Q -0.1 using U135, set ACG=5, A/ 
D reads max of I & Q; then set U135 to Q 0.0 and set 5th 

MSD of QDAC to Q 1.0 using U'155 

QDAC 4th MSD rela¬ 
tive to 5th MSD gener¬ 
ates correct 1/1 ratio 

Ui 14, IJ155 

79.2 

Set QDAC 5th MSD to Q 1.0 using U155, set ACG=5, A/D 
reads max of 1 & Q; then set U155 to Q 0.8 

QDAC 5th MSD gener¬ 
ates correct 10/8 ratio 

U114, U155 

79.3 

Set QDAC 5th MSD to Q 0.8 using U155, set ACG=5, A/D 
reads max of I & Q; then set U155 to Q 0.6 

QDAC 5th MSD gener¬ 
ates correct 8/6 ratio 

Ul 14, UI 55 
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Table 11-15 Comprehensive DAC tests 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signals 
suspect on FAIL 

79.4 

Set QDAC 5th MSD to Q 0.6 using U155, set ACG=5, A/D 
reads max of I & Q; then set U155 to Q 0.4 

QDAC 5th MSD gener¬ 
ates correct 6/4 ratio 

U114, U155 

79.5 

Set QDAC 5th MSD to Q 0.4 using U1.55, set ACG=6, A/D 
reads max of I & Q; then set U155 to Q 0.2 

QDAC 5th MSD gener¬ 
ates correct 4/2 ratio 

U114, U155 

79.6 

Set QDAC 5th MSD to Q 0.2 using U1.55, set ACG=6, A/D 
reads max of I & Q; then set U155 to Q -0.1 

QDAC 5th MSD gener¬ 
ates correct 2/1 ratio 

U114, U155 

79.7 

Set QDAC 5th MSD to Q 0.2 using U1.55, set ACG=6, A/D 
reads max of I & Q; then set U155 to Q 0.0 and set IJ142 pin 
14 to Q 1.0 

QDAC 5th MSD gener¬ 
ates correct 2/1 ratio 

U114, U142 

79.8 

Set QDAC 5th MSD to Q 1.0 using U142 pin 14, set ACCJ=6, 
A/D reads max of I & Q; then set U142 pin 14 to Q 0.0 and 
set QDAC 6th MSD using U142 pin4 to Q 1.0 

QDAC 5th MSD rela¬ 
tive to 6th MSD gener¬ 
ates correct 2/1 ratio 

U113, U142 


tings, the precision sum of which produces a result at the 
input of the preamp. This sum is amplified, detected, and then 
read by the A/D for comparison against a window of accept¬ 
able values. 

Test for Stuck DAC Switches 

This large body of tests consisting of groups 60 to 69 checks 
each bit position of the DAC one at a time. Each of these 
tests simply looks for any change to occur as a result of 
changing the given analog switch from the zero voltage 
transformer tap to each of the other taps. Each test passes 
provided that a detectable change occurred. These tests are 
intended to find any analog switch elements that do not 
change in response to a command from the microprocessor. 

A failure of a single test indicates a failed analog switch ele¬ 
ment or its connection to the transformer. In this case, the 
exact pin number associated with the failure is identified by 
the test. 

A failure of several closely related tests requires identifying 
the meaning of the pattern of the failures. The pattern is 
likely to indicate a failure of the latch that controls the analog 
switch, of the interconnection between the two, or of a digital 
input of the analog switch. 

All of these tests are looking for differences relative to the 
case where all DAC control digits are set to zero. As a result, 
the case of an analog switch stuck while connected to a trans¬ 
former zero line is not explicitly reported. However, this case 
will produce its own characteristic symptoms. These symp¬ 
toms show up as the failure of all other tests that try to pro¬ 
duce a change relative to the stuck zero line. 


Check Voltage Ratios from DAC 

The second large body of tests consisting of groups 70 to 79 
checks the ratios of voltages selected from the transformers. 
For the most part, the tests compare voltage ratios of adjacent 
transformer taps. The tests start with the highest transformer 
tap to the MSD of the ID AC. Selection of this tap is com¬ 
pared against the tap having the next lower voltage. The A/D 
checks that the ratio of these voltages is approximately cor¬ 
rect. The comparison process continues with each pair of 
adjacent transformer taps, going from the MSD of the ID AC 
through the least significant. The process is repeated in pre¬ 
cisely the same way for the QDAC. 

A failure in these test groups with no failure in groups 60 to 
69 may indicate a change in an associated precision DAC 
resistor, but this is not likely. The reason is that while these 
groups of tests check the resistors much better than the previ¬ 
ous groups of tests, the resistors are still crudely measured 
relative to that done by the verification process described in 
“INTERNAL CALIBRATION” on page 9-4. 

A more likely cause of failure is some kind of addressing 
problem. The previous body of tests looked for any change at 
all. The current body of tests look for the right change. This 
means that the current body of tests will detect a situation 
where the wrong transformer line was selected. These tests 
will also detect a situation where more than one transformer 
line is somehow selected (presumably with more than one 
analog switch IC). 

Magnitude Test of S/P/B Generator 

Test group 80 compares the magnitude but not the phase of 
the three different settings of the S/P/B quadrature generator 
against a single setting of the ID AC. The ID AC setting is first 
read by the A/D to verify that a reasonable signal level, exists 
there to make comparisons against. Each of the remaining 
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Table 11-16 S/P/B quadrature generator tests 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signais 
suspect on FAIL 

80 

Test magnitude of S/P/B quadrature generator settings 

80.1 

Set MSD of IDAC to IP 1.0 using U122, A/D reads max of I 
& Q channels 

IDAC makes reasonable 
signal at this setting 

U118, U122, U127, 
U128 

80.2 

Set MSD of IDAC to IP 1.0 using U122, A/D reads max of I 
& Q channels, then reset IDAC, set S/P/B to S and MSD of 
QDAC to IP 1.0 using U138 

A/D reads equal signals 
from IDAC vs. QDAC 
with S/P/B = S 

U118, U 122,11127, 

IJ134.11138, U140, 
U107-U112, U148 

80.3 

Set MSD of IDAC to IP 1.0 using U122, A/D reads max of I 
& Q channels, then reset IDAC, set S/P/B to P and MSD of 
QDAC to IP 1.0 using U138 

A/D reads equal signals 
from IDAC vs. QDAC 
with S/P/B = P 

U118, U122, U127, 
U134, U138, U140, 
U107-U112, U148 

80.4 

Set MSD of IDAC to IP 1.0 using U122, A/D reads max of 1 
& Q channels, then reset IDAC, set S/P/B to B and MSD of 
QDAC to IP 1.0 using U138 

A/D reads equal signals 
from IDAC vs. QDAC 
with S/P/B = B 

U118, UI22, U127, 
U134, U138, Til 40, 
U107-U112, U148 

81 

Test phase of S/P/B quadrature generator settings 

81.1 

Set IDAC MSD to IP -0.1, ACG=4, A/D reads max of I & Q; 
Set S/P/B to B, set QDAC 2nd MSD to Q 1.0, and ACG=6 

A/D sees at least a factor 
of ten decrease 

U107-U112, U148, 
U122, U127, U139 

81.2 

Set IDAC MSD to IP 1.0, ACG=2, A/D reads max of I & Q; 
Set S/P/B to S, set QDAC MSD to Q 1.0 and ACG=4 

A/D sees at least a factor 
of ten decrease 

U107-U112, U148, 
U121, U125, U139 

81.3 

Set IDAC MSD to IP 1.0, ACG=2, A/D reads 1 & Q; 

Set S/P/B to P, set QDAC MSD to Q 1.0 and clear IDAC 

90° phase shift calcu¬ 
lated between A/D rdgs. 

U107-U112, U148, 
U121, U125, U139 

81.4 

Set S/P/B to P, set QDAC MSD to Q 1.0, ACG=2, A/D reads 

I & Q; Then clear QDAC, set IDAC MSD to IP 1.0 

90° phase shift calcu¬ 
lated between A/D rdgs. 

U107-U112, U148, 
U121, U125, U139 


three tests note that level, then read the corresponding QDAC 
level for each of the S/P/B settings. The difference resulting 
from each of these three comparisons is calculated and 
checked to see if i t falls within the expected window. 

A failure of test 80.1 indicates a problem localized only to 
the circuitry associated with U122. A failure of all of the 
remaining three tests probably indicates a problem localized 
only to the circuitry associated with U138. A failure of only 
one or two of the last three tests indicates a failure of the cor¬ 
responding circuitry in the S/P/B generator in Figure F-22 on 
page F-59. 

Phase Tests of S/P/B Generator 

Test group 81 is a more demanding set of tests of the S/P/B 
generator than the previous group. The first pair are null tests. 

Test 81.1 is a precise null comparison of an ID AC setting 
against a QDAC setting with S/P/B set to Bypass. If all the 
DAC tests passed, this test is likely to do so also. If not, only 
the small amount of circuitry associated with Q105 is sus¬ 
pect. In Bypass mode, the quadrature generator is not con¬ 
nected at all which is why this test tends to be easy to pass. 


Test 81.2 is another precise null comparison similar to 81.1, 
but S/P/B is set to Series. This time the QDAC is driven with 
a signal that is phase shifted by 180° relative to that driving 
the IDAC. This requires that the quadrature generator phase 
shifters be operable and that the circuitry which switches 
them work also. A failure of this test after passing the test 
81.1 indicates a problem in the quadrature generator. 

Tests 81.3 and 81.4 set S/P/B to Parallel which is the normal 
operating mode. In this case the QDAC is driven by a signal 
that is precisely phase shifted by 90° relati ve to that in the 
IDAC. These tests check to see if signals coming from these 
two sources are related to each other by approximately 90°. 
These two tests are identical except that the setup order is 
reversed between the two. This allows both test configura¬ 
tions to be reported. A failure of this test after passing tests 
81.1 and 81.2 indicates a problem in the quadrature generator 
or its switching circuitry. 

Test Relay Decade (RD) for Stuck Relays 

Test groups 82 and 83 use the overload detector (U105) to 
identify a stuck relay in either relay decade. These tests try to 
find a situation where more than one relay can be closed in a 
given RD, If this occurs, the closed relays will directly short 
a winding of the main ratio transformer, requiring much more 
than the normal current to drive the transformer. 
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Table 11-17 Relay Decade (RD) tests 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signals 
suspect on FAIL 

82 

Test MSRD for a stuck closed relay 

82.1 

Set MSRD to M1.0, 2nd MSRD open, set MUX to OVRLD 

Suspect on PASS: K121 

If a relay in this 

82.2 

Set MSRD to M0.9, 2nd MSRD open, set MUX to OVRLD 

Suspect on PASS: K122 

decade is stuck 

82.3 

Set MSRD to M0.8, 2nd MSRD open, set MUX to OVRLD 

Suspect on PASS: K123 

closed, the symptom 

82.4 

Set MSRD to M0.7, 2nd MSRD open, set MUX to OVRLD 

Suspect on PASS: K124 

will be that OVRLD 

82.5 

Set MSRD to M0.6, 2nd MSRD open, set MUX to OVRLD 

Suspect on PASS: K125 

will be detected for 

82.6 

Set MSRD to M0.5, 2nd MSRD open, set MUX to OVRLD 

Suspect on PASS: K126 

every test for this 

82.7 

Set MSRD to M0.4, 2nd MSRD open, set MUX to OVRLD ' 

Suspect on PASS: K127 

decade except for 

82.8 

Set MSRD to M0.3, 2nd MSRD open, set MUX to OVRLD 

Suspect on PASS: K128 

the one that is really 

82.9 

Set MSRD to M0.2, 2nd MSRD open, set MUX to OVRLD 

Suspect on PASS: K129 

stuck. In other 

82.10 

Set MSRD to MO. 1, 2nd MSRD open, set MUX to OVRLD 

Suspect on PASS: K130 

words, if just one 

82.11 

Set MSRD to M0.0, 2nd MSRD open, set MUX to OVRLD 

Suspect on PASS: K131 

test passes, the 

82.12 

Set MSRD to M-0.1, 2nd MSRD open, set MUX to OVRLD 

Suspect on PASS: K.1.32 

passed relay is bad. 

83 

Test second MSRD for a stuck closed relay 

83.1 

Set 2nd MSRD to M1.0, MSRD open, set MUX to OVRLD 

Suspect on PASS: K101 

If a relay in this 

83.2 

Set 2nd MSRD to M0.9, MSRD open, set MUX to OVRLD 

Suspect on PASS: K102 

decade is stuck 

83.3 

Set 2nd MSRD to M0.8, MSRD open, set MUX to OVRLD 

Suspect on PASS: K103 

closed, the symptom 

83.4 

Set 2nd MSRD to M0.7, MSRD open, set MUX to OVRLD 

Suspect on PASS: K104 

will be that OVRLD 

83.5 

Set 2nd MSRD to M0.6, MSRD open, set MUX to OVRLD 

Suspect on PASS: K105 

will be detected for 

83.6 

Set 2nd MSRD to M0.5, MSRD open, set MUX to OVRLD 

Suspect on PASS: K106 

every test for this 

83.7 

Set 2nd MSRD to M0.4, MSRD open, set MUX to OVRLD 

Suspect on PASS: K107 

decade except for 

83.8 

Set 2nd MSRD to M0.3, MSRD open, set MUX to OVRLD 

Suspect on PASS: K108 

the one that is really 

83.9 

Set 2nd MSRD to M0.2, MSRD open, set MUX to OVRLD 

Suspect on PASS: K109 

stuck. In other 

83.10 

Set 2nd MSRD to M0.1, MSRD open, set MUX to OVRLD 

Suspect on PASS: K110 

words, if just one 

83.11 

Set 2nd MSRD to M0.0, MSRD open, set MUX to OVRLD 

Suspect on PASS: Kill 

test passes, the 

83.12 

Set 2nd MSRD to M-0.1, MSRD open, set MUX to OVRLD 

Suspect on PASS: K112 

passed relay is bad. 

84 

Test MSRD for any change between open and selected states 

84.1 

Set MSRD to open, enable Q608 shunt, A/D reads max of 1 
&Q 

MSRD generates 
reasonable open signal 

K121-132, U145, 
U149.U150 

84.2 

Set MSRD to open, enable Q608 shunt, A/D reads max of 1 
& Q; then set MSRD to M 1.0 

A/D sees any change, 
K.121, p/o U1.45, U149 

K121, U145, U149 

84.3 

Set MSRD to open, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to M0.9 

A/D sees any change, 
K1.22, p/o U145, U150 

K122, U145, U1.50 

84.4 

Set MSRD to open, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to M0.8 

A/D sees any change, 
K123, p/o U145,1J149 

K123, U145, U1.49 

84.5 

Set MSRD to open, enable Q608 shunt, A/D reads max of 1 
& Q; then set MSRD to M0.7 

A/D sees any change, 
K124, p/o U145, U1.50 

K1.24, U145, U150 

84.6 

Set MSRD to open, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to M0.6 

A/D sees any change, 

K125, p/o U145, IJ149 

K125, U145, U1.49 

84.7 

Set MSRD to open, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to M0.5 

A/D sees any change, 
K126, p/o U145, U150 

KI.26, U145, U150 
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Table 11-17 Relay Decade (RD) tests 


Test 

no. 

Description 

Parts/signais 
verified on PASS 

Parts/signals 
suspect on FAIL 

84.8 

vSet MSRD to open, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to M0.4 

A/D sees any change, 
K127, p/o U145, U149 

K1.27, 0145, 0149 

84.9 

Set MSRD to open, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to M0.3 

A/D sees any change, 
K12S, p/o 0145, 0150 

K128, 0145, 0150 

84.10 

Set MSRD to open, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to M0.2 

A/D sees any change, 
K1.29, p/o 0145, U150 

K129, 0145,0150 

84.11 

Set MSRD to open, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to MO. 1 

A/D sees any change, 
K130, p/o 0145, U150 

K130, 0145, 0150 

84.12 

Set MSRD to open, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to MO.O 

A/D sees any change, 
K.131, p/o 0145, U150 

K131, 0145, 0150 

84.13 

Set MSRD to open, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to M-0.1 

A/D sees any change, 
K132, p/o U145, U150 

K132, 0145, 0150 

1 1 

Test second MSRD for any change between open and selected states 


Set 2nd MSRD to open, enable Q608 shunt, A/D reads max 
of I & Q 

MSRD generates 
reasonable open signal 

K101-112,0144, 
0149,0151 

m 

Set 2nd MSRD to open, enable Q608 shunt, A/D reads max 
of I & Q; then, set 2nd MSRD to Ml .0 

A/D sees any change, 
K101, p/o 0144, 0149 

K101, 0144, 0149 


Set 2nd MSRD to open, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to M0.9 

A/D sees any change, 
K102, p/o 0144, 0151 

K102, 0144, 0151 


Set 2nd MSRD to open, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to M0.8 

A/D sees any change, 
K103, p/o 0144, 0151 

K103, 0144, 0151 

85.5 

Set 2nd MSRD to open, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to M0.7 

A/D sees any change, 
K104, p/o 0144, 0151 

K104, 0144, 0151 

85.6 

Set 2nd MSRD to open, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to M0.6 

A/D sees any change, 
K.105, p/o 0144, 0151 

K105, 0144, 0151 

85.7 

Set 2nd MSRD to open, enable Q608 shunt, A/D reads max 
of 1 & Q; then set 2nd MSRD to M0.5 

A/D sees any change, 
K.106, p/o 0144, 0151 

K1.06, 0144, 0151 

85.8 

Set 2nd MSRD to open, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to M0.4 

A/D sees any change, 
K107, p/o 0144, 0149 

K107, 0144,0149 

85.9 

Set 2nd MSRD to open, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to M0.3 

A/D sees any change, 
K108, p/o 0144, 0151 

K108, 0144, 0151 

85.10 

Set 2nd MSRD to open, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to M0.2 

A/D sees any change, 
K109, p/o 0144, 0149 

K109, 0144, 0149 

85.11 

Set 2nd MSRD to open, enable Q608 shunt, A/D reads max 
of 1 & Q; then set 2nd MSRD to M0.1 

A/D sees any change, 
KUO, p/o 0144, 0151 

K110, 0144, 0151 

85.12 

Set 2nd MSRD to open, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to MO.O 

A/D sees any change, 
Kill, p/o 0144, 0149 

Kill, 0144, 0149 

85.13 

Set 2nd MSRD to open, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to M-0.1 

A/D sees any change, 
KU2, p/o 0144, 0151 

K112, 0144, 0151 

86 

Test relative signal levels from MSRD 

86.1 

Set MSRD to M1.0, enable Q608 shunt, 

A/D reads max of I & Q 

MSRD generates signal, 
K121, p/o 0145, 0149 

K121, 0145, 0149 

86.2 

Set MSRD to Ml .0, enable Q608 shunt, A/D reads max of 1 
& Q; then set MSRD to M0.9 

MSRD generates 9<10, 
K122, p/o 0145, 0150 

K122, 0145, 0150 
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Table 11-17 Relay Decade (RD) tests 


Test 

no. 

Description 

Parfs/signals 
verified on PASS 

Parts/signais 
suspect on FAIL 

86.3 

Set MSRD to M0.9, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to M0.8 

MSRD generates 8<9, 
K123, p/o U1.45, 0149 

K123, 0145, 0149 

86.4 

Set MSRD to M0.8, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to M0.7 

MSRD generates 7<8, 
K124, p/o 01.45, U150 

K124, 0145, 0150 

86.5 

Set MSRD to M0.7, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to M0.6 

MSRD generates 6<7, 
K125, p/o 0145, U149 

K125, 0145, 0149 

86.6 

Set MSRD to M0.6, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to M0.5 

MSRD generates 5<6, 
K126, p/o 0145, U150 

K126, 0145, 0150 

86.7 

Set MSRD to M0.5, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to M0.4 

MSRD generates 4<5, 
K127, p/o U145, U149 

K127, 0145, 0149 

86.8 

Set MSRD to M0.4, enable Q608 shunt, A/D reads max of I 
&Q; then set MSRD to M0.3 

MSRD generates 3<4, 
K128, p/o 0145, 0150 

K128, 0145, 0150 

86.9 

Set MSRD to M0.3, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to M0.2 

MSRD generates 2<3, 
K129, p/o 0145, 0150 

K129, 0145, 0150 

86.10 

Set MSRD to M0.2, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to MO. 1 

MSRD generates 1 <2, 
K130, p/o 0145, 0150 

K130, 0145, 0150 

86.11 

Set MSRD to M0.1, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to MO.O 

MSRD generates 0<1, 
K131, p/o 0145, 0150 

K131, 0145, 0150 

86.12 

Set MSRD to MO.O, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to M-0.1 

MSRD generates 0<1, 
K132, p/o 0145, 0150 

K132, 0145, 0150 

87 

Test relative signal levels from second MSRD 

87.1. 

Set MSRD to MO. I, enable Q608 shunt, A/D reads max of I 
& Q; then set MSRD to MO.O, 2nd MSRD to Ml .0 and again 
read max of I & Q 

2nd MSRD relative to 
MSRD makes 1/1 ratio, 
K101, p/o 0144, 0149 

K101, 0144, 0149 

87.2 

Set 2nd MSRD to Ml .0, enable Q608 shunt, A/D reads max 
of 1 & Q; then set 2nd MSRD to M0.9 

2nd MSRD makes 9<10, 
K102, p/o 0144, 0151 

K102, 0144, 0 .151 

87.3 

Set 2nd MSRD to M0.9, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to M0.8 

2nd MSRD makes 8<9, 
K103, p/o 0144,0151 

K103, 0144, 0151 

87.4 

Set 2nd MSRD to M0.8, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to M0.7 

2nd MSRD makes 7<8, 
K104, p/o 0144, 0151 

K104, 0144, 0151 

87.5 

Set 2nd MSRD to M0.7, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to M0.6 

2nd MSRD makes 6<7, 
K105, p/o 0144, 0151 

K.105, 0144, 0151 

87.6 

Set 2nd MSRD to M0.6, enable Q608 shunt, AD reads max 
of I & Q; then set 2nd MSRD to M0.5 

2nd MSRD makes 5<6, 
K106, p/o 0144, 0151 

K106, 0144,0151 

87.7 

Set 2nd MSRD to M0.5, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to M0.4 

2nd MSRD makes 4<5, 
K107, p/o 0144, 0149 

K107, 0144, 0149 

87.8 

Set 2nd MSRD to M0.4, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to M0.3 

2nd MSRD makes 3<4, 
K108, p/o 0144, 0151 

K108, 0144, 0153 

87.9 

Set 2nd MSRD to M0.3, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to M0.2 

2nd MSRD makes 2<3, 
K109, p/o 0144, 0149 

K109, 0144, 0149 

87.10 

Set 2nd MSRD to M0.2, enable Q608 shunt, AD reads max 
of I & Q; then set 2nd MSRD to M0.1 

2nd MSRD makes 1<2, 
K110, p/o 0144, 0151 

K110, 0144, 0151 

87.11 

Set 2nd MSRD to M0.1, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to MO.O 

2nd MSRD makes 0<1, 
Kill, p/o 0144, 0149 

Kill,0144, 0.149 

87.12 

Set 2nd MSRD to MO.O, enable Q608 shunt, A/D reads max 
of I & Q; then set 2nd MSRD to M-0.1 

2nd MSRD makes 0<1, 
K112, p/o 0144, 0151 

KJ.12, 0144, 0151 
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Figure 11-1 Schematic of PI network 

These tests operate by closing each relay in a RD one at a 
time. If any relay in that decade is stuck closed, then all the 
tests for that decade will fail (detect an overload) except for 
the test that attempts to close the relay that is stuck closed. 
Closing the relay that is already stuck closed will be the only 
test in the group which has only one relay closed, all other 
tests will have two closed (assuming only one relay is stuck 
closed). 

Test Decade Relay Positions for any Change 

Test groups 84 and 85 check for any relay that is stuck closed 
or open. This is done by comparing the case where all relays 
are open, with the cases where each relay is closed one at a 
time. The tests look for any change at all between the two 
cases. If any change is seen, then the selection logic is capa¬ 
ble of selecting something and a relay is capable of going 
from open to closed. 

Test Adjacent Relays for Relative Signal Level 

Test groups 86 and 87 check each RD to ensure that of any 
two adjacent relays, the one intended to connect to the higher 
transformer tap generates a signal level that is higher also. 

A failure of these tests only, probably indicates that the selec¬ 
tion logic is not selecting the right relays. 

Attenuator Tests 

All but the first two (group 90) attenuator (ATN) tests require 
the connection of an external PI network between tire HIGH 
and LOW terminals. Even though these tests require inter¬ 
vention, they are important tests and should be run if a prob¬ 
lem is suspected, especially if an “H” error is being reported 
during normal measurements, 

The External PI Network 

When these tests are run, they will display a message on the 
front panel showing: Conn PI HI I: a La, At this time 
the PI network must be connected. The network consists of a 
1000 ±20% pF capacitor connected between the HIGH and 
LOW terminals. The HIGH terminal is shunted to ground 
with a 10kQ resistor. The LOW terminal is shunted to 
ground by a shielded 50Q resistor. The schematic of this net¬ 
work is shown in Figure 11-1. 



Figure 11-2 Picture of a typical PI network 

The suggested physical configuration will have a dual BNC 
cable connecting a three-terminal, 1000 pF capacitor to the 
bridge. One BNC Tee must be inserted in series with each 
side of this cable. It doesn’t matter which end of the cable the 
Tee’s are on, but the capacitor end is probably more conve¬ 
nient. A 50 Q BNC terminator is plugged into the Tee on the 
LOW side. A terminator is used here because it is an easy 
way to connect a shielded shunt resistor to the sensitive LOW 
input. A BNC to binding-post adapter should be plugged into 
the Tee connected to the HIGH side. An ordinary 10 kQ resis¬ 
tor should be connected between the adapter's binding posts. 
Shielding of the 10 kQ resistor is not needed due to the low 
impedance of the HIGH terminal. A picture of the suggested 
implementation of the network is shown in Figure 11-2. 

The physical implementation described above uses only 
components that may be purchased off-the-shelf. Other phys¬ 
ical implementations of the PI network will also work, pro¬ 
vided that they are stable and do not allow the LOW input to 
pick up noise. 

Test for Any Stuck Closed Relays in ATN 

Test group 90 uses the overload detector to check for the 
presence of a stuck closed relay in the attenuator. Each of 
these two tests simply closes one of the two highest ATN 
relays and then checks the OVRLD line. If any other ATN 
relay is also closed, OVRLD will show it. This test does not 
identify which relay was stuck closed, only that one or more 
are stuck closed somewhere in the attenuator. Nevertheless, 
this information is useful when combined with the results of 
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Table 11-18 Attenuator tests 


Test 

no. 

Description 

Parts/signals 
verified on PASS 

Parts/signals 
suspect on FAIL 

90 

Test ATN for presence of any stuck closed relays 

90.1 

Set both RD's open, ATN to 15V tap, set MIJX to OVRLD 

no OVRLD => no ATN 
relays stuck closed 

U146, U147, U152, 

K113-120, K133-36 

90.2 

Set both RD’s open, ATN to 7.5V tap. set MUX to OVRLD 

91 

Test ATN for stuck closed relays and set up for meter measurement 

91.1 

Prompt for connection of PI network with message: 

Conn PI HI Co L o, set ATN to open, 

A/D reads max of I & Q 

No ATN relays 0.03V or 
greater stuck closed 

U146, U147, U152, 
K113-120, K133-36 

92 

Test ATN for a stuck open or closed relay 

92.1 

Prompt for connection of PI network, set ATN to open, A/D 
reads both I & Q, then set ATN to 15V tap 

Ail tops open vs. ATN at 
15V tap changes reading 

U146, U152, K11.3 
stuck open or closed 

92.2 

Prompt for connection of PI network, set ATN to open, A/D 
reads both I & Q, then set ATN to 7.5V tap 

All taps open vs. ATN at 
7.5V top changes reading 

U146, U152, K11.4 
stuck open or closed 

92.3 

Prompt for connection of PI network, set ATN to open, A/D 
reads both I & Q, then set ATN to 3.0V top 

All taps open vs. ATN at 
3.0V tap changes reading 

U146, U152, K116 
stuck open or closed 

92.4 

Prompt for connection of PI network, set ATN to open, A/D 
reads both I & Q, then set ATN to 1.5 V top 

All taps open vs. ATN at 

1.5 V tap changes reading 

U146, U152, K115 
stuck open or closed 

92.5 

Prompt for connection of PI network, set ATN to open, A/D 
reads both I & Q, then set ATN to 0.75 V tap 

Ail tops open vs. ATN at 
0.75V changes reading 

U146, U147, K117 
stuck open or closed 

92.6 

Prompt for connection of PI network, set ATN to open, A/D 
reads both I & Q, then set ATN to 0.25 V tap 

All tops open vs. ATN at 
0.25V changes reading 

U146, UI47, K118 
stuck open or closed 


Prompt for connection of PI network, set ATN to open, A/D 
reads both I & Q, then set ATN to 0.1V top 

All. taps open vs. ATN at 
0.1V tap changes reading 

U146, U1.52, Kll.9 
stuck open or closed 

92.8 

Prompt for connection of PI network, set ATN to open, A/D 
reads both I & Q, then set ATN to 0.03 V tap 

ATN taps open vs. ATN 
at 0.03 V changes reading 

U146, U.152, K120 
stuck open or closed 

92.9 

Prompt for connection of PI network, set ATN to open, A/D 
reads both I & Q, then set ATN to 0.0 IV tap 

AH tops open vs. ATN at 
0.01V changes reading 

U146, U152, K133 
stuck open or closed 

92.10 

Prompt for connection of PI network, set ATN to open, A ID 
reads both I & Q, then set ATN to 0.003V top 

All taps open vs. ATN at 
0.003V changes reading 

IJ146, U147, K 1.34 
stuck open or closed 

92.11 

Prompt for connection of PI network, set ATN to open, A/D 
reads both I & Q, then set ATN to 0.001 V tap 

All taps open vs. ATN at 
0.00 IV changes reading 

U146, U147, K135 
stuck open or closed 

92.12 

Prompt for connection of PI network, set ATN to open, A/D 
reads both I & Q, then set ATN to 0.0V top 

All tops open vs. ATN at 
0.0V changes reading 

U146, U152, K136 
stuck open or closed 

93 

Test ATN setup for voltage ratios tests 

93.1 

Prompt for connection of PI network, set ATN to 15V tap; 

A/D reads max of I & Q; exit reporting I 

A/D reads within 
expected range 

U146, U152, 

K113 

93.2 

Prompt for connection of PI network, set ATN to 15V top; 

A/D reads max of I & Q; exit reporting Q 

A/D reads within 
expected range 

U146, U152, 

K113 

94 

Test ATN for correct voltage ratios 

94.1 

Prompt for connection of external PI network, set ATN to 

15V tap, A/D reads max of I & Q; then set ATN to 7.5V tap 

15/7.5 ratio is correct 

U146, U152, 

K113, K114 

94.2 

Prompt for connection of external PI network, set ATN to 
7.5V tap, A/D reads max of I & Q; then set ATN to 3.0V tap 

7.5/3.0 ratio is correct 

U146, U152, 

K114, K116 

94.3 

Prompt for connection of external PI network, set ATN to 
3.0V tap, A/D reads max of 1 & Q; then set ATN to 1,5V tap 

3.0/1.5 ratio is correct 

U146, U152, 

K115, K11.6 
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Table 11-18 Attenuator tests 


Test 

no. 

Description 

Parts/signais 
verified on PASS 

Parts/signals 
suspect on FAIL 

94.4 

Prompt for connection of external PI network, set ATN to 

1.5V tap, A ID reads max of I & Q; then set ATN to 0.75 V tap 

1.5/0.75 ratio is correct 

U1.46, U147, U152, 
K115, KU7 

94.5 

Prompt for connection of external PI network, set ATN to 
0.75V tap, A/D reads max of 1 & Q; then set ATN to 0.25V 

0.75/0.25 ratio is correct 

U146, U147, 

K117, K118 

94.6 

Prompt for connection of external PI network, set ATN to 
0.25V tap, A/D reads max of 1 & Q; then set ATN to 0.1 V tap 

0.25/0.1 ratio is correct 

U146, U147, U152, 

K118. K119 

94.7 

Prompt for connection of external PI network, set ATN to 

0.1V tap. A/D reads max of I & Q; then set ATN to 0.03V tap 

0.1/0.03 ratio is correct 

U146, U152, 
K119.K120 

94.8 

Prompt for connection of external PI network, set ATN to 
0.03V tap, A/D reads max of I & Q; then set ATN to 0.01 V 

0.03/0.01 ratio is correct 

U146, U152, 

K120, K133 

94.9 

Prompt for connection of external PI network, set ATN to 

0.01 V tap, A/D reads max of I & Q; then set ATN to 0.003V 

0.01/0.003 ratio is 

correct 

U146, U147, U152, 
K133, K134 

94.10 

Prompt for connection of external PI network, set ATN to 
0.003V tap, A/D reads max of I & Q; then set ATN to 0.001 V 

0.003/0.001 ratio is 

correct 

U146, U147, 

K134, K135 

94.11 

Prompt for connection of external Pi network, set ATN to 

0.00IV tap, A/D reads max of I & Q; then set ATN to 0.0V 

0.001>0.0 

U146, U147, U152, 
K135, K136 


test group 92 since that group is unable to distinguish a stuck 
closed relay from one that is stuck open. 

Test for Specific Stuck Closed or Open Relays 

Two test groups are invol ved here. Test group 91 has one pre¬ 
liminary test that basically checks that the external PI net¬ 
work produces the expected signal levels. This test will also 
fail if certain ATN relays are stuck closed, but the previous 
test group is more suitable for this purpose. 

This test is also useful because it leaves all the attenuator 
relays open when it is finished. This means that a meter read¬ 
ing of the AC voltage on the HIGH terminal should be less 
than 0.3 mV provided that the meter is shunted by a 2kO 
resistor. If a higher voltage is read by the meter, then it is 
because an attenuator relay is stuck closed. The voltage read 
by the meter should be exactly the same as the transformer 
tap voltage selected by the stuck relay. The relationship 
between transformer tap voltages and the relays that select 
these is given in test group 92 of Table 11-18. For example, 
suppose the meter reads 1.5 volts. Then test number 92.4 
shows that the 1.5 V transfonner tap is selected by relay 
K115 and that is the relay that is stuck. 

Test group 92 contains tests that check each ATN relay one 
by one. These tests check for any relay that is stuck closed or 
open. Each test first sets all ATN relays open, then reads the 
same I and Q signals that were read in the previous test group 
(91). Each test then compares these I and Q baseline readings 
with 1 and Q readings taken with one relay closed. If any 
change in the I or Q readings is detected, the test passes. The 
detection of a change indicates that the selection logic is 


capable of selecting something and a relay is capable of 
going from open to closed. 

Check Attenuator Voltage Ratios 

Test groups 93 and 94 compare the voltages produced by 
adjacent attenuator settings. Test group 93 just uses the A/D 
to measure both phases resulting from setting the ATN to 15 
V. The higher of these values is also measured as the starting 
point for test group 94. This is done by test 94.1 which 
checks the 15/7.5 ratio. 

Test group 93 is not very useful by itself for checking the 
attenuator, however, it is unique because it sets up the whole 
bridge circuit in a way that allows some exploration. The 
effects of creati ve modification of the PI network can be 
observed in the two-phase readings that are taken by the A/D 
and reported by this test group. 

In each test of group 94, the A/D reads the voltages produced 
by adjacent attenuator settings, calculates the ratio and com¬ 
pares it against the expected value. These tests are not 
intended to detect small errors in the ratios; that is the job of 
tlie verification/calibration routines. A failure of these tests 
only, probably indicates that the selection logic is not select¬ 
ing the right relays. 


NOTE 

Some attenuator voltages might be half of what you expect. 
Check the Full/Half selling (f) in the resu lt line. If it is zero, 
then the voltage at the HIGH terminal will be half of the 
nominal tap voltage label. 
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Figure 11-3 AH 2500A top view showing power and other test points 
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Figure 11-4 AH 2500A bottom view showing power and other test points 
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Table 11-19 EEPROM (U304) errors, consequences and repair procedures 


Power-on error 

Execution error 

Effect 
of error 

Repair procedure 



Measure- 

Non-option-E: Re-write the Original, calibration data by 


EEProf! ) 

| ERL dfltfl 


ments 

performing the operation described in step 13 of “Stan- 


BESBil 

( Error 0 


are not 
possible 

dard Capacitor Installation Procedure on page 12-12. 

where hh = DO - lb 


Option-E: The EEPROM must be replaced at the factory. 



Measure- 

Non-option-E: Re-write the Internal calibration data by 


EEProU 


C FIL dRL-R 


ments 

performing the procedure described in “INTERNAL 




Error 1 


are not 
possible 

CALIBRATION” on page 9-4. (A capacitance calibration 
will also generate the Internal calibration data.) 

Option~E: Same as non-Option-E. (A transformer calibra¬ 
tion will also generate and store the internal cal data.) 

where hh- 1C -R 5 




Measure- 

Non-option-E: Re-write the Capacitance Update calibra- 


HH 

WI1WTMI 

ments 

tion data by performing the procedure described in 


Error PE ] 

IffinH 

are not 
possible 

“CAPACITANCE CALIBRATION” on page 9-9. 



Option-E: Same as non-Option-E. 



Measure- 

Non-option-E: Does not apply 


EEPrad 1 

| ERL dflER ] 

ments 

Option-E: Re-write the Transformer Update calibration 


Error hh \ 

(Error 3 ] 

are not 
possible 

data by performing the procedure described in “TRANS- 

where hh = R 1 - R d 


FORMER CALIBRATION” on page 9-12. 



File 

Initialize the file space by performing the DELETE com- 


EE Prof! 


( EEProH 


operations 

mand with no qualifiers. 


Error hh 


( Error RE 


are not 
possible 


where hh~ BE ~ 15 




None 

Bridge is 

The EEPROM must be replaced. 


■. —1 


totally 





inoperable 


where hh- 1S - 11 





None 

Bridge is 

The EEPROM must be replaced. 


EEProll 



totally 






inoperable 







None 

Elapsed 

The EEPROM must be replaced if the timer is to work. 


QjH 



hours 



M*7Tm:WMa% 



timer is 
inoperable 





■ 

Elf 1!? 5^ * 

Correct 

Non-option-E: Re-enter the User, Calibrator and Replace 

i 




passcodes 

passcodes described in “THE CALIBRATION PASS- 

1 

Err ar BB 

1 


are not 
accepted 

CODES” on page 9-17. 



Option-E: Re-enter the User and Calibrator passcodes 
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Chapter 12 


This chapter describes how to remove and replace all the 
major subassemblies that comprise the AH 2500A. For an 
experienced technician, much of what is described here will 
be obvious. However, there are a number of subtleties that 
are specific to the AH 2500A that must be correctly dealt 
with if the instrument is not to be damaged and its perfor¬ 
mance is not to be impaired. For this reason, no matter how 
much experience you may have, you are cautioned to read 
the sections in this chapter that apply to any repairs that you 
attempt to perform. 


WARNING ! 

The information in this section is fo r the use of trained ser¬ 
vice personnel only. Electrical shock and other hazards may 
be present. Do not attempt to perform these procedures 
unless you are qualified to do so. Remove the power line cord 
before removing the covers or removing or replacing any 
boards. 


Tools and Equipment Required 

You need the following tools to perform the disassembly/ 
reassembly procedures that follow. 

1. #2 Phillips head screwdriver. 

2. Small flat blade screwdriver. 

3. Torque screwdriver set to 18 in-lbs 
(200 N-cm) with a #2 Phillips bit. 

4. Right-angle torque wrench set to 18 in-lbs (200 N-cm) 
with a #2 Phillips bit. 

5. Right-angle torque wrench set to 75 in-lbs (800 N-cm) 
with a deep 5/8 inch (16 mm) hex socket. 

6. Diagonal cutters. 

7. integrated circuit insertion/extraction tool for 24 & 28- 
pin IC for replacing firmware. 

8. Soldering equipment if you are replacing the power 
supply (A701) assembly. 


Integrated Circuit Removal Techniques 

It is easy to damage a printed circuit board in the process of 
trying to remove an integrated circuit (IC). The damage usu¬ 
ally results from trying to “save” the IC which requires heat¬ 
ing all of its pins simultaneously. This is a difficult process 
which always applies more heat to the circuit board than is 
needed and often applies enough to cause damage. 

Since the AH 2500A circuit boards are much more valuable 
than any IC on them, no attempt should ever be made to 
“save” an IC. With this philosophy, any DIP IC can easily be 
removed with a minimal possibility of damaging the circuit 
board that it is on. The steps in this process are: 

1. Working from the parts-side of the circuit board with a 
fine pair of diagonal cutters, clip each lead of the IC 
that is to be removed. The clipping must be done as 
close to the body of the IC as possible. When all are 
clipped, the (now leadless) body of the IC will come 
right out. 

2. A soldering iron can now heat each lead from the sol¬ 
der-side of the circuit board while a fine pair of pliers 
used from the parts-side of the board pulls the clipped 
lead from the plated-through hole when the solder has 
melted. 

3. The solder is now ready to be removed from the holes, 
but no flux is on the solder. This will make it flow with 
more difficulty than otherwise. Applying a little fresh 
rosin-core solder to each hole will greatly improve the 
solder’s ability to flow. 

4. A solder-sucker can now remove the solder from each 
plated-through hole. The fresh flux applied in the previ¬ 
ous step should cause the cleared holes to be clean and 
shiny. 


CAUTION 

To prevent static damage to the instrument, always observe 
the following antistatic techniques when handling any 
boards or assemblies. 
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Anti-static Handling Techniques 


Electrostatic discharge (ESD) can be a cause of electronic 
component failure. It can occur at static levels below human 
perception and can affect both passive and active devices. 
The following guidelines should be observed when handling 
assemblies used in the AH 2500A. 

1. The workbench should be covered with a conductive 
mat that is connected to earth ground through a 

1 Megohm resistor. 

2. You should wear a conductive wrist strap that is 
attached to earth ground through a 1 megohm resistor. 

3. Metal equipment at the workstation must be grounded, 
including shelving and soldering and de-soldering 
equipment. One common ground should be provided at 
the workstation. 

4. Non-conductors such as plastics and cardboard should 
not be present at the workstation and there should not 
be rugs or carpet on the floor. 

5. Anti-static material should always be used for shipping, 
storing and transporting electronic assemblies. 

Hardware Used for Disassembly and 
Reassembly 

Table 12-1 lists the hardware used in the disassembly/reas¬ 
sembly procedures described in this chapter. 


CAUTION 

The chassis of the AH 2500A forms an integral part of its 
circuitry, Printed circuit boards and other components must 
make very low resistance contact at their points of 
attachment to the chassis. All screws that are loosened must 
be re-tightened to the value of torque specified by the 
procedures. Failure to do so can cause subtle performance 
problems. ( Don’t even think about not installing all the 
screws!) 

Screws holding printed circuit boards will become looser 
with time due to relaxation in the circuit board. This is 
acceptable, but only emphasizes the need to fully tighten any 
screws that are loosened during repair. 


Table 12-1 Hardware used in disassembly/ 
reassembly 


Part 

Used for 

6-32x1/4 Phillips 
pan-head screw 

Mounting Keypad and Display 
boards. Securing HIGH coaxial 
cable shield. 

6-32 x 1/4 Phillips 
oval-head screw 

Large, brown, vinyl-covered side 
panels. 

6-32x3/8 Phillips 
oval-head screw 

Small, brown, vinyl-covered side 
covers. 

6-32 x 1/2 Phillips 
oval-head screw 

Top and bottom bezels. 

6-32 x 7/16 Phil¬ 
lips truss-head 

screw 

Top and bottom covers. 

6-32x3/8 Phillips 
pan-head screw 

Mounting all boards except Keypad 
and Display boards. Securing LOW 
input shield, standard capacitor coax 
shield, and bias coax shield. Front 
feet. 

8-32 x 3/8 Phillips 
pan-head screw 

Preamp cover. Power supply assem¬ 
bly mounting. Lockwashers 
required with power supply. 



Figure 12-1 Consequences of sloppy workmanship 
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PROCEDURES 


Removal and Installation of Covers 



Prior to Cover Removal 

1. Remove all external equipment connections from the 
AH 2500A. 

2. Disconnect the power line cord from the AH 2500A. 

Top Cover Removal Procedure 

1. Place the instrument top side up with the front panel 
facing you. 

2. Identify the two bezel screws with the help of 
Figure 12-2. Loosen these screws two turns. 

3. Remove the four screws holding the large, 
brown top cover. 

4. Refer to Figure 12-2. Place the instrument on end as 
shown in the figure, with the front panel feeing down 
and the top cover facing you. 

5. Remove the top cover by pulling straight up. 

Bottom Cover Removal Procedure 

1. Place the instrument bottom side up with the front 
panel facing you. 

2. Loosen the two bottom bezel screws two turns. These 
screws are in a position opposing that shown in 
Figure 12-2. 

3. Remove the four bottom cover screws holding the 
large, brown bottom cover. 

4. Refer to Figure 12-2. Place the instrument on end as 
shown in the figure, with the front panel facing down 
but with the bottom cover facing you. 

5. Remove the bottom cover by pulling straight up. If you 
feel resistance at about the position of the cover shown 
in the figure, check to see if the screws holding the front 
feet are interfering with the edge of the midplane or 
with the rear panel. If they are, pull the center of the 
bottom cover toward you enough to allow the screws to 
clear the midplane or rear panel. The midplane is easily 
identified as MP902 in the exploded parts view 
Figure F-3 on page F-9. 
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Figure 12-2 Cover removal and installation 


Top Cover Installation Procedure 

1. Refer to Figure 12-2. Place the instrument on end with 
the front panel facing down and the top of the bridge 
facing you. 

2. Install the top cover by sliding it straight down. If you 
feel resistance, be sure that the cover is straight. Slight 
misalignment is enough to cause it to bind in its track. 

3. Place the bridge top side up with the front panel facing 
you. 


CAUTION 

Over-tightening the cover screws may permanently deform 
the cover. Use only enough force to tighten the screws and 
not deform the cover. DO NOT use a torque screwdriver on 
these screws. 


4. Install but do not tighten the four 6-32 x 7/16 truss-head 
top cover screws. 

5. Securely tighten the two screws holding the bezel. 
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A701 to Midplane screws (underside) 



Cut here to 
remove A701 


6. Tighten the four top cover screws. See the caution 
above. 

7, Calibration requirements for replacement of individual 
subassemblies are given in the associated procedures. If 
you are uncertain as to whether you have done anything 
that may require additional calibration, it is a good idea 
to perforin verifications on the bridge as described in 
Chapter 9, “Verification/Calibration”. 

Bottom Cover Installation Procedure 

1. Refer to Figure 12-2. Place the bridge on end as shown 
in the figure with the front panel facing down but with 
the bottom of the bridge facing you. 

2. Install the bottom cover by sliding it straight down. If 
you feel resistance, be sure that the cover is straight. 
Slight misalignment is enough to cause it to bind in its 
track. If you still feel resistance, check to see if the 
screws holding the front feet are interfering with the 
midplane or the rear panel. If they are, pull the center of 
the bottom cover towards you enough to allow the 
screws to clear the edge of the midplane or rear panel. 
The midplane is easily identified as MP902 in the 
exploded parts view Figure F-3 on page F-9. 
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3. Place the bridge bottom side up with the front panel 
facing you. 

4. Install but do not tighten the four 6-32 x 7/16 truss-head 
top cover screws. 


CAUTION 

Over-tightening the cover screws may permanently deform 
the cover Use only enough force to tighten the screws and 
not deform the cover. DO NOT use a torque screwdriver on 
these screws. 


5. Securely tighten the two screws holding the bezel. 

6. Tighten the four bottom cover screws. See the caution 
above. 

7. Calibration requirements for replacement of individual 
subassemblies are given in the associated procedures. If 
you are uncertain as to whether you have done anything 
that may require additional calibration, it is a good idea 
to perform verifications on the bridge as described in 
Chapter 9, “Verification/Calibration”. 
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Power Supply (A701) Removal and 
installation 

Power Supply Removal Procedure 

1. Remove the top and bottom covers using the proce¬ 
dures in “Removal and Installation of Covers” on 
page 12-3. 

2. Place the bridge bottom side up with the rear panel fac¬ 
ing you. 

3. Refer to Figure 12-3. Remove the two screws and lock- 
washers holding the power supply assembly to the mid¬ 
plane. 

4. Place the bridge top side up with the rear panel facing 
you. 

5. Unplug the power connector that is attached to J302 on 
the processor board (A301). 

6. Using a pair of diagonal cutters, cut off the six wire 
leads from the power transformer secondary windings 
as close to the power supply board as possible. 

7. Using a pair of diagonal cutters, cut off and remove the 
two cable ties holding the power switch cable (W701) 
and external trigger coaxial cable (W918). 

8. Remove the two screws and lockwashers holding the 
power supply assembly (A701) to the rear panel and 
remove the power supply assembly from the bridge. 

Power Supply Installation Procedure 

1. Place the bridge top side up with the rear panel facing 
you. 

2. Carefully strip 1/8 inch of insulation from the ends of 
the power transformer leads. This must be done very 
gently since the leads are easily pulled out of the trans¬ 
former. 

3. Refer to Figure 12-3. Orient the power supply assembly 
(A701) and place it into the bridge chassis. Install the 
two 8-32 x 3/8 pan-head screws and two #8 lockwash¬ 
ers that attach the power supply assembly to the rear 
panel. The lockwashers go on the outside of the back 
panel. 

4. Plug the power connector from the power supply 
assembly into J302 of the processor board (A301). 

5. Put the stripped ends of the power transformer leads 
into the holes on the power supply board according to 
the wire color codes near the holes. These will be sol¬ 
dered to the opposite side of the board. 

6. Turn the bridge over so the bottom is facing up and the 
rear panel is towards you. 

7. Install the two 8-32 x 3/8 pan-head screws and two #8 
lockwashers that attach the power supply assembly to 


the midplane. The lockwashers must be directly under 
the heads of the screws. 

8. Stand the bridge with the front panel facing down and 
the bottom of the bridge towards you. 

9. Using a torque wrench, tighten these two screws and 
the two that attach the power supply to the rear panel to 
18 in-lbs (200 N-cm). 

10. Lay the bridge down with the bottom facing up and the 
rear panel towards you. 

11. Solder the six wires from the power transformer sec¬ 
ondary windings to the pads of the printed circuit 
board. 

12. Using two cable ties, secure the power switch cable and 
the external trigger cable to the power supply assembly 
at each of the two sets of holes in the power supply 
frame. 

13. Check the power supply voltages using the procedure 
described in “Checking Power Supply Voltages” on 
page 11-4. 

14. If the voltages are now correct, then install the covers 
using the procedures in “Removal and Installation of 
Covers” on page 12-3. 

15. If no other change was made to the bridge, the calibra¬ 
tion should not have changed. Refer to Chapter 9, “Ver¬ 
ification/Calibration” if you need to verify this. 

Processor Board (A301) Firmware 
Replacement 

Firmware Replacement Information 

The firmware for the AH 2500A consists of one EEPROM 
(U304) and three ROMs (U305, U306 and U307). located on 
the processor board (A301). 

The EEPROM contains factory generated information that is 
unique to a particular bridge and is usually replaced only if a 
failure occurs. 

The three ROMs contain the operating firmware for the 
bridge and are always replaced as a complete set. There are 
several ROM versions of these sets. The correct set to use 
depends on the serial number of the bridge. 


CAUTION 

Observe the handling methods described in “Anti-static 
Handling Techniques” on page 12-2 when replacing any of 
the firmware components. 
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The procedures below describe replacing both the EEPROM 
and the ROM sets. If you are replacing only the EEPROM or 
only the ROM sets, skip the steps that are not appropriate. 

Firmware Removal Procedure 

1. Remove the top cover using the “Top Cover Removal 
Procedure” on page 12-3. 

2. Place the bridge top side up with the rear panel facing 
you. 

3. Refer to Figure 12-5 on page 12-14. Locate the proces¬ 
sor board (A301) and on it locate the EEPROM and 
socket labeled U304. Using an integrated circuit extrac¬ 
tor or a small flat-blade screwdriver, carefully pry the 
EEPROM loose. Make sure it comes straight up out of 
its socket to avoid bending the pins in case you should 
need to re-install it later. 

4. Locate the three ROMs and sockets labeled U305, 
U306 and U307. Using an integrated circuit extractor or 
a small flat-blade screwdriver, carefully pry the three 
ROMs loose. Make sure they come straight up and out 
of their sockets to avoid bending the pins in case you 
should need to re-install them later. 

Firmware installation Procedure 

1. Locate the socket labeled U304 on the processor board 
(A301). Remove the EEPROM labeled U304 from the 
conductive foam it is shipped in and orient it so the 
semicircular notch indicating pin 1 faces towards you. 
The notched end of the EEPROM will match up with 
the notch symbol silkscreened underneath the socket if 
the EEPROM is oriented properly. Align the pins and 
insert the EEPROM into the socket U304. 

2. Locate the sockets labeled U305, U306 and U307 on 
the processor board (A301). Remove the three ROMs 
labeled U305, U306 and U307 from the conductive 
foam they are shipped in and orient them so the semi¬ 
circular notch indicating pin 1 faces towards you. The 
notched end of the ROMs will match up with the notch 
symbols silkscreened underneath the sockets if the 
ROMS are oriented properly. Align the pins and insert 
the ROM labeled U305 into the socket labeled U305. 
Do the same with U306 and U307. 

3. Install the top cover using the “Top Cover Installation 
Procedure” on page 12-3. 

4. If the ROMs were replaced by others with the same 
version numbers, then the bridge should be ready to 
operate. If the version was different, or if the EEPROM 
was replaced, then follow the instructions that come 
with the replacement parts. 


Processor Board (A301) Removal and 
Installation 

Processor Board Removal Procedure 

1. To replace the processor board without replacing the 
firmware, first perform the “Firmware Removal Proce¬ 
dure” , then skip to step four of this procedure. 

2. To replace the processor board and the firmware it con¬ 
tains, start with this step. Remove the top cover using 
tire “Top Cover Removal Procedure” on page 12-3. 

3. Place the bridge top side up with the rear panel facing 
you. 

4. Refer to Figure 12-5 on page 12-14. Unplug the power 
supply power connector from J302. 

5. Unlatch and unplug the six ribbon cable assemblies in 
the following order from J306, J304, J303, J313, J305, 
and J312. Unplug the external trigger cable (W918) 
from J318. 

6. Remove the six screws holding the processor board and 
remove the board. 

Processor Board Installation Procedure 

1. Place the bridge top side up with the rear panel facing 
you, 

2. Refer to Figure 12-5 on page 12-14. Orient the proces¬ 
sor board (A301) and install the six 6-32 x 3/8 pan-head 
mounting screws. 

3. Using a torque screwdriver, tighten the six screws to 18 
in-lbs (200 N-cm). 

4. Plug the external trigger cable (W918) into J318 of the 
processor board. The orientation of the plug in the 
socket does not matter. 

5. Plug in and latch the ribbon cable from the keypad 
assembly (A502) into J306. 

6. Plug in and latch the ribbon cable from the multiplexer 
assembly (A401) into J303. 

7. Plug in and latch the ribbon cable from the display 
assembly ( A501) into J304, 

8. Plug in and latch the GPIB cable assembly (W913) into 
J313. 

9. Plug in and latch the sample switch cable assembly 
(W905) into J305. 

10. Plug in and latch the RS-232 cable assembly (W912) 
into J312. 

11. Plug in the power supply (A701) power connector into 
J302. 
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12. If the processor board does not have the firmware 
installed, follow the “Firmware Installation Procedure” 
otherwise install the top cover using the “Top Cover 
Installation Procedure” on page 12-3. 

13. If the firmware was reused, the bridge should be opera¬ 
tional. Refer to Chapter 9, “Verification/Calibration” if 
you need to verify this. 

Display Board (A501) Removal and 
Installation 

Display Board Removal Procedure 

1. Remove both covers using the procedures in “Removal 
and Installation of Covers” on page 12-3. 

2. Place the bridge bottom side up with the rear panel fac¬ 
ing you. 

3. Remove the two screws holding the lower edge of the 
display board. 

4. Place the bridge top side up with the rear panel facing 
you. 

5. Remove the two screws holding the top bezel and 
remove the top bezel. 

6. Refer to Figure 12-5 on page 12-14. Unlatch and 
unplug the ribbon cable from J304 on the processor 
board (A301). 

7. Remove the two screws holding the upper edge of the 
display board and remove the board. 

Display Board Installation Procedure 

1. Refer to Figure 12-5 on page 12-14. Orient the display 
board (A501) and install it from the top side of the 
bridge. Install the two pan-head 6-32 x 1/4 screws that 
hold the upper edge of the board in place. 

2. Plug the display board ribbon cable into J304 on the 
processor board and latch it. 

3. Place the bridge bottom side up with the rear panel fac¬ 
ing you. Install the two pan-head 6-32 x 1/4 screws that 
hold the lower edge of the board. 

4. Place the bridge on end with the front panel facing 
down and the bottom facing you. While supporting the 
front panel from below so as not to bend it, tighten the 
two lower screws to 18 in-lbs (200 N-cm). The front 
panel is easily supported by squeezing it with one hand 
up against the bottom bezel. 

5. Turn the bridge so the front panel is facing down and 
the top is facing you. While again supporting the front 
panel from below, tighten the two upper screws to 18 
in-lbs (200 N-cm). 

6. Install the top bezel but do not tighten the screws. 


7. Install the covers using the procedures in “Removal and 
Installation of Covers” on page 12-3. 

8. Use the test in “Test front panel display LED segments” 
on page 11-13 to check the operation of the 

display. 

Keypad Board (A502) Removal and 
Installation 

Keypad Board Removal Procedure 

1. Remove both covers using the procedures in “Removal 
and Installation of Covers” on page 12-3. 

2. Place the bridge bottom side up with the rear panel fac¬ 
ing you. 

3. Refer to Figure 12-6 on page 12-15. Remove the bot¬ 
tom bezel (MP921). 

4. Remove the two screws holding the lower edge of the 
keypad board. 

5. Place the bridge top side up with the rear panel facing 
you. 

6. Refer to Figure 12-5 on page 12-14. Unlatch and 
unplug the ribbon cable from J306 on the processor 
board. 

7. Remove the two screws holding the upper edge of the 
keypad board and remove the board. 

Keypad Board Installation Procedure 

1. Place the bridge top side up with the rear panel facing 
you. 

2. Refer to Figure 12-6 on page 12-15. Orient the keypad 
board (A502) and install it from the top side of the 
bridge. Install the two pan-head 6-32 x 1/4 screws that 
hold the upper edge of the board in place. 

3. Plug the ribbon cable into J306 on the processor board 
(A301) and latch it. 

4. Place the bridge bottom side up with the rear panel fac¬ 
ing you. Install the two pan-head 6-32 x 1/4 screws that 
hold the lower edge of the board. 

5. Turn the bridge so the front panel is facing down and 
the top is facing you. While supporting the front panel 
from below so as not to bend it, tighten the two upper 
screws to 18 in-lbs (200 N-cm). The front panel is eas¬ 
ily supported by squeezing it with one hand up against 
the top bezel. 

6. Turn the bridge so the front panel is facing down and 
the bottom is facing you. While again supporting the 
front panel from below, tighten the two upper screws to 
18 in-lbs (200 N-cm). 
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Turn the bridge so the bottom side is up and the front 
panel is facing you. Install the bottom bezel but do not 
tighten the screws. 

8. Install both covers using the procedures in “Removal 
and Installation of Covers” on page 12-3. 

Multiplexer Board (A401) Removal and 
Installation 

Multiplexer Board Removal Procedure 

L Remove both covers using the procedures in “Removal 
and Installation of Covers” on page 12-3. 

2. Place the bridge bottom side up with the front panel 
facing you. 

3. Refer to Figure 12-6 on page 12-15. Unlatch and 
unplug the ribbon cable that is attached to J110 on the 
main board (A101). 

4. Place the bridge with the top side up and the front panel 
facing you. 

5. Refer to Figure 12-5 on page 12-14. Unlatch and 
unplug the display board ribbon cable from J304 on. the 
processor board to allow access to J303 on the proces¬ 
sor board. 

6. Unlatch and unplug the ribbon cable that is attached to 
J303 on the processor board (A301). 

7. Remove the four screws holding the multiplexer board 
and remove the board. 

Multiplexer Board Installation Procedure 

1. Place the bridge top side up with the front panel facing 
you. 

2. Refer to Figure 12-5 on page 12-14. Orient the multi¬ 
plexer board (A401) and install it from the top side of 
the bridge. Route the ribbon cable from J410 on the 
multiplexer board down between the display board and 
the midplane. This cable will be attached to the main 
board (A 101) later. Install the four 6-32 x 3/8 pan-head 
screws to hold the multiplexer board in place. 

3. Tighten all four screws to 18 in-lbs (200 N-cm). 

4. Plug the ribbon cable from J403 on the multiplexer 
board (A401) into J303 on the processor board (A301) 
and latch it. 

5. Plug the display board ribbon cable into .1304 on the 
processor board and latch it. 

6. Turn the bridge over so the bottom side is up and the 
front panel is facing you. 

7. Refer to Figure 12-6 on page 12-15. Plug the ribbon 
cable from J410 on the multiplexer board into JT10 on 
the main board (A101) and latch it. 
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8. If the multiplexer board has been replaced with a differ¬ 
ent one or if U409 has been replaced on it, the calibra¬ 
tion of the HIGH terminal output voltage must be 
checked/adjusted. The procedure for this is given in 
“Adjustment of HIGH Terminal Signal Level” on 
page 11-22. 

9. Install both covers using the procedures in “Removal 
and Installation of Covers” on page 12-3. 

10. Replacement of the multiplexer board requires that an 
internal calibration be performed on the bridge. See 
“INTERNAL CALIBRATION” on page 9-4. No other 
calibration is affected. 

Main Board (A101) Removal and 
Installation 

Note that the main board is replaceable with a different main 
board only if the bridge is not an Option-E. Due to the special 
equipment and calibration procedures required, replacement 
of an Option-E main board can only be done at the factory. 

Main Board Removal Procedure 

1. Remove the bottom cover using the “Bottom Cover 
Removal Procedure” on page 12-3. 

2. Place the bridge bottom side up with the rear panel fac¬ 
ing you. 

3. Refer to Figure 12-6 on page 12-15. Unplug the HIGH 
coaxial cable (W902) center conductor pin from socket 
Jin. 

4. Remove the screw holding the HIGH coaxial cable 
(W902) shield near socket Jill. Set this screw aside for 
later. It is shorter than all the other main board screws. 

5. Unlatch and unplug the preamp (A601) ribbon cable 
from J107. 

6. Unlatch and unplug the ribbon cable from the mul ti¬ 
plexer board (A401) from J110. 

7. Unplug the flexible circuit connector on the standard 
capacitor (C210) from J114 on the main board. 

8. Remove the nine screws holding the main board to the 
midplane and remove the main board. 

Main Board Installation Procedure 

1. Place the bridge bottom side up with the rear panel fac¬ 
ing you. 

2. Orient the main board (A101) as shown in Figure 12-6 
on page 12-15. Install the nine 6-32 x 3/8 pan-head 
screws holding the main board to the midplane. Then 
tighten these screws to 18 in-lbs (200 N-cm). 
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3. Plug the ribbon cable from the multiplexer board 
(A40.1) into Jl 10 and latch it. 

4. Plug the ribbon cable from the preamp board (A601) 
into J107 and latch it. 

5. Plug the flexible circuit connector on the standard 
capacitor into .1114 on the main board. 

6. Install the 6-32 x 1/4 pan-head screw holding the HIGH 
coaxial cable (W901) shield near socket Jill and then 
tighten it to 18 in-lbs (200 N-cm). 


CAUTION 

DO NOT use a longer screw to hold the HIGH coaxial cable 
(W90I) shield. This shield terminal must not short to the 
midplane or subtle problems will occur. A longer screw could 
also distort or break the main board. 


7. Plug in the HIGH coaxial cable center conductor pin 
into socket 311L 

8. If the main board has been replaced with a different one 
or if the main generator circuit on page one of the main 
board schematics has been repaired, the calibration of 
the HIGH terminal output voltage must be checked/ 
adjusted. The procedure for this is given in “Adjust¬ 
ment of HIGH Terminal Signal Level” on page 11-22. 

9. Install the bottom cover using the “Bottom Cover 
Installation Procedure” on page 12-4. 

10. If the original main board has been re-installed, then 
only an internal calibration need be performed. An 
internal calibration is especially important if any parts 
were replaced. See “INTERNAL CALIBRATION” on 
page 9-4 for an explanation of this procedure. 

11. If this is a non-Option-E bridge and the original board 
was replaced with a different board, then an extensive 
internal and capacitance recalibration of the bridge is 
required. This is done by performing the capacitance 
calibration setup as described in “Obtaining the Capaci¬ 
tance Verification Data.” on page 9-9. When the setup is 
ready and bridge is stable, do not use the calibration 
command given in that section. Instead, use the com¬ 
mand: 

STO RE CALIBRATE 2 

CAL IBRATE standardvalue 

You will be prompted for the Replace passcode with the 
prompt r P L L a d E . After you enter this special pass- 
code, the bridge will spend about eight minutes making 
the calibration measurement. The front panel will dis¬ 
play LPiL hr FILE bU 5S' during this time and will 
show r t Rdy when the procedure has successfully 
completed. At this time, the bridge will contain all new 


internal and capacitance calibration data stored in its 
EEPROM. Any previous calibration data will be gone. 


CAUTION 

Re-calibrating the main board is an irreversible procedure 
that destroys the original calibration done at the time of 
manufacture of the bridge. Execution of this procedure is 
intended only for the case where the main board or the 
capacitance standard have been replaced with different 
assemblies. 


12. If there is any reason to believe that the main board is 
not fully functional after having been re-installed, it 
may be desirable to verify the loss calibration as 
described in “LOSS VERIFICATION” on page 9-16. 

Preamp Board (A601) Removal and 
Installation 

Preamp Board Removal Procedure 

1. Remove the bottom cover using the “Bottom Cover 
Removal Procedure” on page 12-3. 

2. Place the bridge bottom side up with the rear panel fac¬ 
ing you. Refer to Figure 12-6 on page 12-15. 

3. Mark the preamp cover top so it can be replaced with 
the same side up. Remove the four screws holding the 
preamp cover to the preamp enclosure. 

4. Refer to Figure 12-4. Unplug the LOW coaxial cable 
(W901) center conductor pin from 3608. 

5. Unplug the standard capacitor (C210) coaxial cable 
center conductor pin from 3609. 

6. Remove the screw holding the LOW coaxial cable 
shield (W901) and the standard capacitor (C21.0) coax¬ 
ial cable shield. 

7. Unlatch and unplug the ribbon cable going to 3107 on 
the main board (A 101). 

8. Unplug the DC bias coaxial cable (W619) center con¬ 
ductor pin from 3619. 

9. Remove the screw holding the DC bias coaxial cable 
(W619) shield near 3619. 

10. Remove the four screws holding the preamp board 
(A60I) and remove the board. 


AH 2500A Capacitance Bridge 


Disassembly/Reassembly 12-9 





Screws holding 
cable shields 


Standard Capacitor 
cable 


DC bias 
cable (W619)' 


Preamp 

enclosure 



J608 


J609 


J619 


LOW 
cable (W901) 


Figure 12-4 Preamp assembly (A601) detail 



Preamp Board Installation Procedure 

1. Place the bridge bottom side up with the rear panel fac¬ 
ing you. 

2. Orient the preamp board (A601) as shown in Figure 12- 
4 and install the four 6-32 x 3/8 pan-head screws hold¬ 
ing the preamp board. Tighten these screws to 18 in-lbs 
(200 N-cm). 

3. Install the 6-32 x 3/8 pan-head screw holding the DC 
bias coaxial cable (W619) shield near J619 and tighten 
it to 18 in-lbs (200 N-cm). Hold the terminal lug as the 
screw is being tightened so that the lug doesn’t rotate 
against other parts. 

4. Plug the DC bias coaxial cable center conductor pin 
into J619. 


5. Plug the preamp board ribbon cable into J107 on the 
main board (A 101). 

6. Install the 6-32 x 3/8 pan-head screw holding the LOW 
coaxial cable (W901) shield and the standard capacitor 
(C210) coaxial cable shield. The lug on the LOW ter¬ 
minal cable shield should be next to the board and the 
lug on the standard capacitor cable shield should be on 
top. Orient the LOW cable and lugs as shown in the fig¬ 
ure. Tighten the screw to 18 in-lbs (200 N-cm) while 
maintaining the lug orientations. 

7. Install the LOW coaxial cable center conductor pin into 
J608. 

8. Route the standard capacitor cable center conductor 
over the top of the LOW terminal cable center conduc¬ 
tor and install the pin into J609. 
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9. Replacement of the preamp does not require adjustment 
of the two trimpots on the board. These are set at the 
factory and only require adjustment if the diagnostic 
self-tests indicate a problem. 

10. Orient the preamp cover with your marked side up. 
This is done to ensure that the anodizing does not pre¬ 
vent the cover from making good electrical contact 
with the preamp enclosure. Install the four 8-32 x 3/8 
pan-head preamp cover screws hand tight. DO NOT 
overtighten or use a torque screwdriver. The cover will 
be distorted if excess torque is used. 


NOTE 

If the preamp cover does not make good electrical contact 
with the preamp enclosure, the preamp will not he adequately 
shielded. This can cause measurements to he noisier than 
they should be. If poor electrical contact is suspected, the 
anodizing can he broken through by rotating the four preamp 
screws back and forth as they are being tightened. 


11. Install the bottom cover using the “Bottom Cover 
Installation Procedure” on page 12-4. 

12. Replacement of the preamp board requires that an inter¬ 
nal calibration be performed on the bridge. See 
“INTERNAL CALIBRATION” on page 9-4. 

HIGH and LOW Cable (W902 and W901) 
Removal and Installation 

HIGH and LOW Cable Removal Procedure 

1. Perform steps 1 -6 of the “Preamp Board Removal Pro¬ 
cedure” on page 12-9. 

2. Refer to Figure 12-6 on page 12-15. Unplug the HIGH 
coaxial cable (W902) center conductor pin from socket 
Jill. 

3. Remove the screw holding the HIGH coaxial cable 
(W902) shield near socket J111. Set this screw aside for 
later. It is shorter than ail the other main board screws. 

4. Using a pair of diagonal cutters, cut off and remove the 
two cable ties that hold the HIGH coaxial cable to the 
midplane. 

5. Using a socket wrench with a 5/8 inch deep socket, 
remove the two nuts that hold the BNC connectors at 
the ends of W901 and W902 to the rear panel. 

6. Remove the HIGH cable (W902) and its lockwasher. 


7. Loosen the plastic bushing at the point where the LOW 
cable (W901) passes through the preamp enclosure. 
Remove the LOW cable and its lockwasher taking the 
bushing with them. 

HIGH and LOW Cable Installation Procedure 

1. Place the bridge bottom side up with die rear panel fac¬ 
ing you. 

2. Refer to Figure 12-6. Put the HIGH cable (W902) in 
place and route it through the long, rectangular hole in 
the midplane. Place the special large lockwasher 
between the BNC connector and the inside of the rear 
panel. Make sure that this area is clean and shiny since 
extremely good electrical contact is required. 

3. Install the nut that holds the BNC connector at the end 
of W902 to the rear panel. Using a torque wrench with 
a 5/8 inch deep socket, tighten the nut to 75 in-lbs (800 
N-cm). 

4. Install the 6-32 x 1/4 pan-head screw holding the HIGH 
coaxial cable (W902) shield near socket Jill and then 
tighten it to 18 in-lbs (200 N-cm). 


CAUTION 

DO NOT use a longer screw to hold the HIGH coaxial cable 
(W901) shield. This shield terminal must not short to the 
midplane or subtle problems will occur. A longer screw could 
also distort or break the tnain board. 


5. Plug in the HIGH coaxial cable center conductor pin 
into socket Jill. 

6. Use two small cable ties to hold the HIGH cable at each 
end of the long hole in the midplane through which this 
cable passes. Each tie should go through a pair of small 
holes in the midplane. 

7. Refer to Figure 12-4. Put the LOW cable with its lock¬ 
washer and plastic bushing in place. The special large 
lockwasher goes between the BNC connector and the 
inside of the rear panel. Snap the bushing into the hole 
in the preamp enclosure through which the LOW cable 
passes. 

8. Install the nut that holds the BNC connector at die end 
of W901 to the rear panel. Using a torque wrench with 
a 5/8 inch deep socket, tighten the nut to 75 in-lbs (800 
N-cm). 

9. Complete this procedure by performing steps 6-11 of 
the “Preamp Board Installation Procedure” on 

page 12-10. 
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Standard Capacitor (C2tO) Removal and 
Installation 


Standard Capacitor Installation Procedure 


Note that the standard capacitor is replaceable with a differ¬ 
ent standard capacitor only if the bridge is not an Option-E. 
Due to the special equipment and calibration procedures 
required, replacement of an Option-E standard capacitor can 
only be done at the factory. 


NOTE 

Do not open the standard capacitor assembly. There are no 
user-serviceable parts inside the standard capacitor assem¬ 
bly and opening it will void your warranty. All repairs to the 
standard capacitor assembly must be done by the factory. 


Standard Capacitor Removal Procedure 

1. Remove both covers using the procedures in “Removal 
and Installation of Covers” on page 12-3. 

2. Remove the processor board (A301.) using the “Proces¬ 
sor Board Removal Procedure” on page 12-6. 

3. Place the bridge bottom side up with the rear panel fac¬ 
ing you. 

4. Mark the preamp cover top so it can be replaced with 
the same side up. Remove the four screws holding the 
preamp cover to the preamp enclosure. 

5. Unplug the standard capacitor (C2I.0) coaxial cable 
center conductor pin from J609 on the preamp board 
(A601). 

6. Remove the screw holding the LOW input coaxial 
cable shield and the standard capacitor coaxial cable 
shield near J608 on the preamp board (A601). 

7. Unplug the standard capacitor’s flexible circuit connec¬ 
tor from J114 on the main board (A'101). 

8. Place the bridge on edge so the right side is down and 
the front panel is facing you. 

9. While holding the standard capacitor so it doesn’t fall, 
remove the four screws on the top side of the midplane 
that hold the standard capacitor assembly. 

10. Carefully feed the standard capacitor coaxial cable 
through the hole in the preamp enclosure and remove 
the standard capacitor from the bridge. 


1. Place the bridge on edge so the right side is down and 
the front panel is facing you. 

2. Orient the standard capacitor assembly as in Figure 12- 
6 on page 12-15. Feed the standard capacitor coaxial 
cable through the hole in the preamp enclosure and 
align the standard capacitor over the mounting holes in 
the midplane. 

3. Hold the standard capacitor in position and install the 
four mounting screws from the top side of the mid¬ 
plane, through the midplane and into the standard 
capacitor mounting holes. 

4. Place the bridge top side up with the front panel facing 
you and then tighten the four standard capacitor mount¬ 
ing screws to 18 in-lbs (200 N-cm). 

5. Install the processor board (A301) using the “Processor 
Board Installation Procedure” on page 12-6 

6. Place the bridge bottom side up with the rear panel fac¬ 
ing you. 

7. Plug the standard capacitor’s flexible circuit connector 
into J114 on the main board (A101). 

8. Refer to Figure 12-4 on page 12-10. Install the 6-32 x 
3/8 pan-head screw holding the LOW input coaxial 
cable shield and the standard capacitor coaxial cable 
shield on the preamp board (A601). The lug on the 
LOW terminal cable shield should be next to the board 
and the lug on the standard capacitor cable shield 
should be on top. Orient the LOW cable and lugs as 
shown in the figure. Tighten the screw to 18 in-lbs (200 
N-cm) while maintaining the lug orientations. 

9. Plug the standard capacitor (C210) coaxial cable center 
conductor pin into J609 on the preamp board (A601). 

10. Orient the preamp cover with your marked side visible. 
This is done to ensure that the anodizing does not pre¬ 
vent the cover from making good electrical contact 
with the preamp enclosure. Install the four 8-32 x 3/8 
pan-head preamp cover screws hand tight. DO NOT 
overtighten or use a torque screwdriver. The. cover will 
be distorted if excess torque is used. 


NOTE 

If the preamp cover does not make good electrical contact 
with the preamp enclosure, the preamp will not be adequately 
shielded. This can cause measurements to be noisier than 
they should be. If poor electrical contact is suspected, the 
anodizing can be broken through by oscillating the four 
preamp screws back and forth as they are being tightened. 
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11. Install both covers using the procedures in “Removal 
and Installation of Covers” on page 12-3. 

12. If the original standard capacitor has been re-installed, 
then a capacitance verification should be performed. 
See “CAPACITANCE CALIBRATION” on page 9-9 
for an explanation of this procedure. 

13. If this is a non-Option-E bridge and the original stan¬ 
dard capacitor was replaced with a different one, then 
an extensive internal and capacitance recalibration of 
the bridge is required. This is done by performing the 
capacitance calibration setup as described in “Obtain¬ 
ing the Capacitance Verification Data.” on page 9-9. 
When the setup is ready and bridge is stable, do not use 
the calibration command given in that section. Instead, 
use the command: 

STO RE CALIBRATE 2 

CAL I BRATE standardvalue 


You will be prompted for the Replace passcode with the 
prompt r PL E a dE. The Owner passcode will not 
also be accepted here unless it is the same as the 
Replace passcode. After you enter this special pass- 
code, the bridge will then spend about eight minutes 
making the calibration measurements. The front panel 
will display [ RL br Rt E bUEi'd during this time 
and will show rERdd when the procedure has suc¬ 
cessfully completed. At this time, the bridge will con¬ 
tain all new internal and capacitance calibration data 
stored in its EEPROM. Any previous calibration data 
will be gone. 


CAUTION 

Re-calibrating the standard capacitor is an irreversible 
procedure that destroys the original calibration done at the 
time of manufacture of the bridge. Execution of this 
procedure is intended only for the case where the main board 
or the capacitance standard have been replaced with 
different assemblies. 


3. Refer to the exploded parts view Figure F-3 on page 
F-9. Locate parts MP91.3 and MP914 in the lower left 
corner of the figure. Remove the two oval-head screws 
holding the brown vinyl-covered side panel (MP914) to 
the casting and remove the panel. 

4. Locate the small brown cover panel MP915 (or ear 
MP910 if you are using rack-mounting) in the figure. 
Remove the screw holding MP915 (two screws for 
MP910) to the casting and remove the panel or ear. 

5. Remove the eight fiat-head screws that hold the side 
casting (MP91.3) to the rest of the instrument and 
remove the casting. The bridge should be handled with 
care at this point since the front panel is now only sup¬ 
ported at one end. 

Side Casting Installation Procedure 

1. Place the bridge with the side facing up that to receive 
the side casting. 

2. Refer to the exploded parts view Figure F-3 on page 
F-9. Put the side casting (MP913) in place so that the 
grooves that hold the top and bottom covers face 
toward the interior of the bridge. (There is only one 
kind of side casting as opposed to having right and left 
versions.) 

3. Install the eight flat-head 6-32 x 3/8 screws to hold the 
casting. Tighten all eight screws to 18 in-lbs (200 
N-cm). Be sure to observe the note about screws and 
their tightening on page 2 of this chapter. 

4. Put the small brown cover panel MP915 (or ear MP910 
if you are using rack-mounting) in place. Install the 6- 
32 x 3/8 oval-head screw to hold MP915 (or the two 
10-32 oval-head screws to hold MP910) to the casting 
and tighten securely. 

5. Put the brown vinyl-covered side panel (MP914) in 
place. Install the two 6-32 x 1/4 oval-head screws to 
hold the side panel to the casting and tighten securely. 

6. Install the top and bottom covers using the procedures 
in “Removal and Installation of Covers” on page 12-3. 


Side Casting (MP913) Removal and 

Installation 

Side Casting Removal Procedure 

1. Remove the top and bottom covers using the proce¬ 
dures in “Removal and Installation of Covers” on 
page 12-3. 

2. Place the bridge with the side facing up that has the 
casting to be removed. 
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Figure 1.2-5 AH 2500A top view with bezel removed. 
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Figure 12-6 AH 2500A bottom view with bezel in place. 
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Accuracy The degree to which a measuring device agrees 
with accepted standards. 

A/D Analog-to-Digital converter. An integrated circuit 
inside the bridge that digitizes analog signals. 

Bridge This term is used interchangeably with “AH 
2500A” to identify the instrument. The term also has a 
more specific meaning when it is used to identify a partic¬ 
ular electrical circuit having four legs, a generator and a 
detector. 

Calibration Used here to mean the process of adjusting or 
correcting the bridge so that it meets its specifications. 
Most corrections are stored in EEPROM memory. 

Chassis The collection of metal parts that comprise the 
frame or box of the AH 2500A. 

Current parameter set One of the four sets of parameters 
that directly control, the settings used by the bridge. 

DAC Digital-to-Analog-Converter. In this manual, DAC 
refers to a special circuit that generates precise AC volt¬ 
ages controlled by digital signals from a microprocessor. 

Dielectric The material that exists in the electric field of a 
capacitor. 

Display Refers to the LED display on the front panel, of the 
bridge. 

DUT The Device Under Test being measured by the 
bridge. 

EEPROM An Electrically-Erasable, PROgrammable, non¬ 
volatile Memory integrated circuit used for semi-perma- 
nent data storage in the bridge. 

EPROM An ultraviolet-Erasable, PROgrammable Mem¬ 
ory integrated circuit used for permanent storage of the 
firmware that runs the bridge. 

External trigger input A BNC connector on the back of 
the bridge that can receive pulses for the purpose of syn¬ 
chronizing AH 2500A commands. 

File A collection of data stored in EEPROM or ROM mem¬ 
ory. This data can consist of parameter sets or programs. 

File type A file can be of one of five types. These types 
describe the kind of data in the file. The types are: Basic, 
Gauge, Baud, Bus and Program. 

Firmware The program code that is executed by the micro¬ 
processor in the bridge. This code is contained in three 
EPROM’s and tells the microprocessor how to make the 
bridge work. 


Fused-silica capacitance standard A special capacitor 
that uses fused silica as its dielectric to achieve a very sta¬ 
ble capacitance value. 

GPIB Stands for General Purpose Instrument Bus. This is a 
convenient abbreviation for the instrument communica¬ 
tions bus defined by the IEEE-488.1 standard. 

HIGH terminal The terminal on the back of the bridge 
that provides a low-impedance signal with which to drive 
the unknown impedance. 

IEEE-488.1 This is a standard defined by the Institute of 
Electrical and Electronic Engineers to describe the popu¬ 
lar method of interconnecting test equipment for control 
purposes. The standard was previously called the IEEE- 
488-1978. 

IEEE-488.2 This is a newer standard defined by the Insti¬ 
tute of Electrical, and Electronic Engineers to extend the 
IEEE-488.1 standard. The newer standard covers stan¬ 
dard codes, formats, protocols, and common commands. 

Keypad The three by six array of buttons on the front panel 
of the AH 2500A. 

LED A Light Emitting Diode produces light and is used as 
an indicator. These are used to create the front panel dis¬ 
play of the AH 2500A. 

Line Describes a single line of data sent to remote devices 
or displayed on the front pane! in one or more windows. 

Linearity The degree to which an increase or decrease in 
an actual quantity is exactly proportionally represented in 
the corresponding measured quantity. In other words, if 
an actual quantity doubles in size, how exactly does the 
measure of that quantity also double. (This is measure¬ 
ment linearity.) 

Loss The component of the impedance which is 90° out of 
phase with respect to the capacitive component. 

LOW terminal The terminal on the back of the bridge that 
provides a high-impedance input to connect to the 
unknown impedance. 

Non-volatile memory Any memory that does not loose its 
contents when power is lost. 

Option-E An optionally available version of the AH 

2500A that offers Enhanced precision and calibration fea¬ 
tures. 

Parameter An AH 2500A variable that you can set to vari¬ 
ous values with a command. Every parameter is part of a 
set. Each parameter controls a particular aspect of the 
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bridge’s operation when the parameter is in the current 
parameter set. 

Parameter set A collection of AH 2500A parameters. 
There are four kinds of parameter sets used by the bridge: 
Basic, Gauge, Baud, and Bus. These can be stored and 
recalled for later use. 

PPM Parts Per Million. This is equal to 0.0001%. 

Precision A loosely defined term meaning “exact”. 

Program Means a list of AH 2500A commands that have 
been entered into memory and which can be executed by 
the bridge. “Macro” is a commonly used synonym. 

Query command An IEEE-488.2 concept meaning any 
command that will send a result to a remote device when 
the command is issued from that device. Non-query com¬ 
mands send no results. 

RAM Stands for “Random Access Memory” and is used as 
the bridges working memory. Its contents are lost when 
power is lost. 

Ratio transformer A special transformer that divides AC 
voltages with great linearity and stability. 

Remote device This IEEE 488.1 term is used from the per¬ 
spective of the bridge. It refers to any device connected to 
the bridge with which data is being exchanged. This can 
be a controller, logger or an intermediate interface. The 
remote device can be connected to the serial or GPIB 
port. 

Resolution The smallest change that can be detected in a 
measured quantity. 

ROM. Stands for “Read Only Memory”. It refers to mem¬ 
ory whose contents cannot be changed by any means. The 
term is also used more loosely to include EPROM mem¬ 
ory. 

Sample A synonym for DUT, unknown, unknown sample 
etc. (An A/D can also “sample” a signal, but this is a 
totally different meaning of the word.) 

Stability The ability to remain constant with time. In the 
case of the AH 2500A, stability is considered to be inde¬ 
pendent of temperature. In other words, comparisons of 
stability are made without changing the temperature. 

Temperature coefficient The change in a quantity for a 
unit change in its temperature. 

Three-terminal impedance An impedance that uses two 
signal terminals and a ground terminal. Usually, the 
impedance between the two signal terminals is desired 
and the impedances between either signal terminal and 
ground are parasitic. In the case of the AH 2500A, the 
ground terminal is always intended to connect to a shield 
and a three-terminal impedance is usually thought of as a 
shielded two-terminal impedance. 


Two-terminal impedance An impedance that is only 
defined between two signal terminals. 

Unknown A convenient abbreviated term for “unknown 
sample”, “unknown capacitance”, “unknown loss”, 
“unknown impedance”, “DUT” etc. 

Unknown capacitance The quantity or device being mea¬ 
sured by the bridge. 

Unknown impedance The quantity or device being mea¬ 
sured by the bridge. 

Unknown loss The quantity or device being measured by 
the bridge. 

Unknown sample The quantity or device being measured 
by the bridge. 

Verification Used here to mean the process of gathering 
and presenting data that indicates how close the bridge 
meets its specifications. 

Window Sometimes there is more information on a line to 
be displayed on the front panel of the bridge than will fit 
at one time. This information is divided into groups 
which can be shown one at a time. Each group is called a 
“window” and consists of the contents of the upper and 
lower front panel LED displays. You can move right and 
left one at a time through the windows by pressing the 
[ ♦■ I and PTj keys. 
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Symbols 

character, for comments 7-10 
“/” slash 
prompt 3-12 

used for circuit notation 10-1 
semicolon 

see GPIBxompatibility mode 
see Multi-commands 
“>” prompt 7-7 

“[” and “]” as used in command descriptions A-l 
“\” see Characters, special: backslash 
“ A ” see Characters, speciahup arrow 

A 

A/D 

circuit description 10-5,10-12 
definition of 11-1, IGB-2 
MUX and A/D tests 11-14 
Abbreviations 
circuit and diagnostic 11-2 
Glossary, see also IGB-2 
Aborting commands 2-6 
from RS-232 7-11 
redefining character code for 7-11 
RE an L I nPui message 2-8 
Accessories 

furnished with AH 2500A. 1-4 
needed for calibration 1-4, 9-1 
needed for disassembly 1-4 
needed for experiments 2-7 
needed for maintenance 1-4 
needed for testing 1-4 
Accuracy 

definition of IGB-2 
failure to meet specification 9-3 
specification of C-5 
option-E C-7 
vs. stability 9-2 
ACG, definition of 11-1 
Adjustments 

DC on LOW trimpot R615 11 -20 
gain ratio trimpot R624 11-24 
HIGH terminal signal level 11-22 
Admittance 4-11, 8-3 
Alternate 

changing the alternate period 4-9 
controller circuit description 10-13 
parameter 3-4 

rejection of specific power frequencies 4-9 
relation between alternate and average times 4-9 
Altexp 

Alternate, see also 4-9 
relation to alternate time periods 4-9 
Analog circuits 10-2 

measurement interface description 10-2 
Analog-to-digital converter, see A/D 
Aperture, incorporated within capacitor 4-3 
Applications of AH 2500A, typical examples 1-1 
RrE yOU SUrE prompt 3-9,3-11 
Assembly drawings, see Drawings and Boards 
ATN, definition of 11-1 


Attenuator 
circuit descriptions 
full/half 10-13 
leg of bridge 10-3 
transformer (ATN) 10-16 
tests 11-37 
Average time 2-8, 4-6 
auto switching to high speed 4-7 
changing 4-6 
performing externally 5-1 
application of 5-1 
relation of averexp 

to internal operation 4-6 
to measurement time 4-6, C-4 
relation to amount of noise reduction 4-6 
see Measurements:time for 

using AH 2500A averaging vs. computer averaging 4-6 
Average Time parameter 3-4 

B 

Back panel, see Rear panel 
Balancing algorithms of bridge 
cold-start 4-5 
effect on speed 4-5 
warm-start 4-5 

Bandpass filter, circuit description 10-10,10-14 
Basic parameter set 3-1,3-2 
Brightness 3-2 
Continuous 3-2,3-3 
Format 3-2, 3-3 
Places 3-3 
Sample 3-3 
Test Format 3-3 
Units 3-4 

BASIC, TransEra HTBASIC 6-9 
Baud parameter set 3-1,3-6 
Baud Rate 3-6 
Define 3-6 
Lockout 3-6 
Logger Baud 3-6 
Remote 3-6 
saving your settings 7-8 
Baud Rate 
parameter 3-6 
Baud rate 7-7 
Bias 

applying DC 4-13 

bleeding of charged capacitors 4-14 

choice of internal series resistor 4-14 

circuit description 10-10 

disabled 

driving current 4-13 
external resistor 4-13 
high voltage tests 11-17 
location of jack 1-10 
maximum allowable DC 4-1.3 
measuring of applied DC 4-14 
noise from series resistor 4-14 
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Bias (continued) 

optimizing the internal, series resistor 4-14 
parameter 3-4 
resistor tests 11-16 
settling time of applied 4-14 
shunting of internal series resistors 4-14 
unknowns with DC voltages 4-13 
Bleeding of charged capacitors 4-14 
Block diagrams 
analog circuits 10-2, F-5 
digital circuits 10-1, F-3 
Boards 

assembly drawings of 
display F-36 
keypad F-34 
main F-55 
multiplexer F-44 
power supply F-18 
preamp F-72 
processor F-24 
circuit descriptions of 
display 10-2, 10-9 
keypad 10-2, 10-9 
main 10-13 
multiplexer 10-10 
power supply 10-5 
preamp 10-9 
processor 10-6 
parts lists 
display F-35 
keypad F-33 
main F-49 
multiplexer F-42 
power supply F-17 
preamp F-69 
processor F-21 
schematics of 
display/keypad F-37 
main F-57 
multiplexer F-45 
power supply F-I9 
preamp F-73 
processor F-25 
Bridge 

balancing algorithms, see Balancing algorithms of bridge 4-5 
basic circuit 4-1 
circuit description 
attenuator leg 10-3 
variable leg 10-4 
connection issues 4-2 
definition of IGB-2 
drawing of basic 4-1 
Brightness 
front panel 2-2 
parameter 3-2 

Brooks inductometer, by Leeds & Northrup 8-9 
Bus Address parameter 3-6 
Bus parameter set 3-1, 3-6 
Bus Address 3-6 
default values 6-1 
GPIB, see also 
Logger Bus 3-7 
SRE 3-7 

bu'Sy message 2-6 


C 

Cable 2-7 
capacitance 
model of 8-4 
of LOW 4-2 

center conductor materials 8-8 
connection of 2-7 
DCOAX 8-5, 8-8 
determining parameters of 8-8 
dielectric loss 8-4 

difficulty of determining inductance/meter of, 8-8 
eixors 

accuracy vs. precision 8-6 
correction of 8-6 
extent of correction ability 8-6 
for high unknown capacitances 8-6 
for long cables 8-6 
ignoring of 8-6 
importance of 8-5 
magnitude of uncorrected 8-6 
see also Errors 8-5 
testing importance of corrections 8-7 
inductance 8-5, 8-7 
effect of magnetic field on 8-5 
model of 8-4 
length 8-5, 8-6 
definition of 8-8 
parameter 3-4 
requirements 

routing before error test or correction 8-7 
tieing together of shields at far end 8-7 
resistance 8-5, 8-7 
model of series 8-4 
RG-58, RG-59, and RG-62 8-8 
shield, impedance of 8-5 
skin-depth of 8-5 

table showing error from. vs. capacitance and length 8-5 
tests for errors from 8-6 
Calibration 

accessories required 1.-4, 9-1 

basic steps involved in firmware calibration/verification 9-2 
capacitance 9-9 

need for new internal cal data 9-9 
report of 9-10 

deviations from stored values 9-11 
skepticism toward significant deviations 9-11 
sources of error in deviations 9-11 
saving the data 
allowed passcodes 9-11 
automatic setting of Update switch 9-11 
time to perform 9-10 
transfer standard for 9-9 
check CABLE conunands settings 9-10 
gas-dielectric, stacked-plate standard capacitors 9-9 
range of allowed values 9-10 
recommended cable is DCOAX-l-BNC 9-10 
three options 9-9 
Update vs. Original cal data 9-10 
selection of 9-11 
conditions during 
ambient thermal environment 9-4 
importance of performing at the operating temperature 9-3 
related to internal calibrations 9-3 
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Caiibrationxonditions during (continued) 

difference in current conditions from last calibration 
in elapsed time 9-3 
in temperature 9-3 

difference in verification conditions from last calibration 
in elapsed time 9-5 
in temperature 9-5 
SH CAL 1, 2 or 3 vs. SH CAL 9-5 
definition of 9-2, IGB-2 
equipment required 1 -4,9-1 
internal 9-4 

checking consistency 9-3 
checking the biggest cal point change 9-5 
connections to HIGH and LOW terminals during 9-5 
effects of 9-3 

effects of changes in ambient temperature on 
cal data between option-E and non-option-E scales 9-9 
performance between option-E and non-option-E bridges 9-9 
temperature coeffcients for option-E cal points 9-9 
failure of 9-5 

importance of performing at the operating temperature 9-3 
report of 

all verification points for option-E 9-5 
verification summary for non-option-E 9-5 
saving the data 9-9, 9-11 
allowed passcodes 9-9 
simplified procedure for 9-4 
time to perform 9-5 
interval 

deciding when to calibrate/verify 9-3 
frequency of traceable 9-3 
related to criticality of application 9-3 
loss, see Verifciationdoss 
messages 
bficf PRr 9-10 

CRL dRbR RbEEnb 9-5,9-9,9-10,9-11,9-12,9-13,9-14 
[RLbrRbE bU5y 9-5,9-10,9-12 
i n fc CRL FRI LurE 9-5 
LJPdb Sbd Error 9-10 
passcodes, see Passcodes 
point, definition of 9-2 
reports 

bases of percent scales used 9-8 
ratio of deviation scales to range-used scales 9-8 
relation of deviations to specifications 9-8 
relation of range used to part tolerance 9-8 
definition of 
“I” and “Q” pairs 9-6 
in-phase error 9-6 
quadrature error 9-6 
deviation pairs 

allowable scatter in 9-8 
change relative to last 9-7 
change relative to original 9-7 
definition of 9-7 
meaning of 0% value 9-8 
interpretation of 9-6 
range-used pair 

consequence of exceeding 100% 9-8 
definition of 9-7 

effect of ambient temperature on points with large 
corrections 9-8 

point with largest correction 9-8 
saving all verification data 9-1.2 
allowed passcodes 9-12 
automatic setting of Update switches 9-12 


Calibration (continued) 
transformer 9-12 
external decade capacitor box 
“holes” in range of 9-12 

accuracy, stability, settability and traceability of 9-12 
reducing noise from 9-12 
set up of 9-12 

using an inaccurate box 9-12 
frequency of occurence of 9-3 
need for new internal cal data 9-12 
report of 9-13 

inductance of the attenuator taps 9-13 
interpretation of data 9-13 

linearity of the main and attenuator ratio transformers 9-13 
resistance of the attenuator relays 9-13 
some quadrature values always zero 9-13 
saving the data 9-13 
allowed passcodes 9-13 
automatic setting of Update switch 9-14 
time to perform 9-13 

unsuitability of using an external reference ratio 
transformer 9-12 
Update vs. Original cal data 
selection of 9-14 
verification groups 

calibration and verification vs. verification only 9-13 
table of 9-13 

types of calibrations/verifications 9-1 
Verification, see also 
versus verification 9-1 
Calibrator passcode 9-17 
Capacitance 
available units of 4-10 
cable 8-7 

interpretation of unexpected change in 8-1 
model of cable 8-4 
negative, see Negative :capacitance 
of cables 4-2 
rate of change of 4-7 
stray, model of 8-4 
Capacitor 

bleeding of charged 4-14 
calibration of at other frequencies 8-8 
construction of three-terminal 4-3 
incorporating aperture 4-3 
introducing negative stray loss within 8-4 
loss contributions in real 4-10 
loss from stray dielectric 4-3 
simple model 

of three-terminal 4-2 
with series and parallel resistance 4-10 
Carriage return (CR) character 6-4, 7-7, 7-10 
CAUTION 

always observe anti-static techniques 12-1 
chassis grounds 1 -5, 6-1,7-4 
check fuse before first power-on 1-6 
check voltage selector before first power-on I -6 
DC bias greater than 100 volts may cause damage 4-13 
do not over-dghten the cover screws 12-3, 12-4 
do not use a longer screw to hold the HIGH coaxial cable 
shield 12-9, 12-11 
don't drive the HIGH terminal 4-14 
importance of chassis grounds 2-1 
proper tightening of all screws is critical 11-4, 12-2 
re-calibrating the main board is an irreversible procedure 12-9 
re-calibrating the standard capacitor is an irreversible 
procedure 12-13 



... 
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CAUTION (continued) 

use anti-static handling techniques with firmware 
components 12-5 

voltage allowed into external trigger input 3-14 
voltages used in this test can cause serious damage 11-16, 11-18 
Characteristics of AH 2500A, see Features 
Characters, special 

backslash (\), used with delete key 7-10 

carriage return (CR) 6-4,7-7,7-10 

Control-A ( A A) 7-10 

Controi-E ( A E) 7-11 

Control-H ( A H) 7-11 

Control-Q ( A Q) 7-10, 7-13 

Control-S ( A S) 7-10,7-13 

Control-U ( A U) 7-11 

delete 7-10,7-11 

erase 7-10,7-11 

line feed (LF) 6-4,6-14,7-7,7-10 
semicolons 

compatibility mode 6-14 
see Multi-commands 

up arrow ( A ), used to enter control characters 7-10, 7-11 
Chassis, definition of IGB-2 
Circuit description notation 

reference labels in calibration reports 9-6 
reference numbers of bridge components 11-10 
Circuit descriptions 

(ACG) programmable gain amplifier 10-5, 10-10 
(DCG) programmable gain amplifier 10-5, 10-11 
A/D 10-5, 10-12 
alternate controller 10-13 
analog measurement interface 10-2 
attenuator 
full/half 10-13 
leg of bridge 10-3 
attenuator transformer (ATN) 10-16 
bandpass filter 10-10,10-14 
basic bridge 4-1 
bias 1.0-10 

DC on LOW input detector 10-10 
decade relay banks 10-16 
digital block diagram 10-1 
display 10-2, 10-9 
drawing of basic bridge 4-1 
front panel 10-2, 10-9 
I/O timing 10-6 
input protection 10-9 
internal calibration 10-5 
memory 10-2, 10-8 
multiplexer 10-5, 10-11 
opera te/cali brate relay 10-10 
option board interface 10-2 
oven controller 10-16 
peak detector 10-5,10-10 
phase-sensitive detector 10-5, 10-11 
power supply 10-5 
preamp 10-5, 10-10 
processor 10-2, 10-6 
quadrature phase shifter 10-4, 10-14 
rear panel interfaces 10-2 
reset circuit 10-7 
RTMDAC 10-4, 10-15 
sample switch port 10-9 
selection logic 10-2, 10-7, 10-12 
serial interface 10-2,10-8 
sine synthesizer 10-3, 10-12 
standard capacitor 10-16 
timers 10-8 

timing and selection logic 10-2 
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Circuit descriptions (continued) 
transformer 

attenuator ratio (ATN) 10-16 
main ratio 10-14 
quadrature ratio 10-15 
variable leg of bridge 10-4 
Circuit schematics 
analog block diagram F-5 
digital block diagram F-3 
dispiay/keypad board F-37 
main board F-57 
multiplexer board F-45 
power supply board F-1.9 
preamp board F-73 
processor board F-25 
Clock 

circuits 1.0-6 
signals 10-1 

End nob OPE rRbi E message 3-11 
Cold-start 

detection of LOW to ground short 4-7 
forcing of 4-7 

see also Balancing algorithms of bridge 4-5 
Columns 

of fields, alignment of 5-8 
see Fields, data 5-8 
Command echoing, to serial port 7-7 
testing for disabled 7-8 
where appropriate to use 7-7 
Commands 

see Command Reference Appendix for detailed descriptions A-l 
syntax and conventions used A-l 
aborting 2-6 
from RS-232 7-11 
ALTERNATE 3-4,4-9 
AVERAGE 3-4,4-6, 4-7,6-10, C-4 
BAUD 3-6 

as used with positional parameters A- i 
baud rate 7-7 
command echoing 7-8 
data length 7-7 
DTE 7-5, 7-7 
fill characters 7-7 
full form of 7-6 
parity 7-7 
stop bits 7-7 
BIAS 3-4,4-13 
BRIGHTNESS 2-2, 2-4, 3-2 
BUS 3-6 

compat parameter 6-14 
full form of 6-2 
prompts parameter 6-12 
ton parameter 6-16 
CABLE 3-4,8-5,9-10 
CABLE CAPACITANCE 8-7 
CABLE INDUCTANCE 8-7 
CABLE LENGTH 8-6 
CABLE RESISTANCE 8-7 
CALIBRATE 7-11,9-2 
CALIBRATE 1 9-4, 9-5 
CALIBRATE 2 CALIBRATE 9-10 
CALIBRATE 3 3-11, 6-12, 9-12, 9-1.3, B-l 
CONTINUOUS 2-7,4-4,7-10 
example of in GPIB controller program 6-10 
inteixupting with GPIB controller 6-12 
using with GPIB 6-8 
correcting erroneous front panel input 2-4 
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Commands (continued) 

DEFINE 3-6,7-10 
DEFINE BACKSPACE 7-11 
DEFINE DELETE 7-10 
DEFINE ERASE 7-11 
DEFINE TERMINAL 7-11 
DELETE 2-2,3-11 
DELETE BUS 3-9 
DELETE PROGRAM 3-11 
DEVICE CLEAR 2-2,2-6, 3-13,7-11, 9-12, D-2 
DIRECTORY 3-8 
DIRECTORY PROGRAM 3-11 
FORMAT 3-2, 5-6, 5-7, 5-8 
FORMAT SPECIAL 3-3, 5-9 
front panel examples 2-4 
HOLD 3-13, 3-14,7-11, D-2 
HOLDO 3-3,3-14,4-4,6-1.1 
HOLD 1 3-14 
HOLD SPECIAL 3-3, 3-14 
issuing using keypad 2-4 
key labels 2-4 
LOCAL 3-6,7-12 
LOGGER BAUD 3-6,7-13 
LOGGER BUS 3-7,6-15 
NLOCKOUT 3-6,7-12 
NLOCKOUT HALT 7-12 
not allowed within programs 3-11 
NREMOTE 3-6,7-12 
parameters, see Parameters 
PLACES 3-3,5-1, 5-8 
examples of 5-2 
PROGRAM D-l 

PROGRAM CONTINUOUS 3-12 
PROGRAM CREATE 3-10,3-11 
PROGRAM SINGLE 3-12 
Q 4-4 

equivalence to SINGLE 7-9 
immediate action key 7-9 
qualifiers of 

BAUD or BUS A-l 
CAP or LOSS 5-2, A-l 
CONTINUOUS 3-11,3-12 
EDIT 3-11 
REPEAT 3-11,3-12 
query 2-6 
RECALL 3-9 

RECALL PROGRAM 3-11 
REFERENCE 3-5, 5-2, 5-3 
REFERENCE FORMAT 5-3 
REFERENCE HALT 5-2, 5-3 
RST 3-10,6-14 
effect on URQ bit 6-6 
effects of 6-15 
SAMPLE 3-3, 3-11, D-l 
SAMPLE HOLD 3-3, D-2 
SHOW 2-5, 3-2, 3-9, 3-12, 3-13,7-10 
SHOW BAUD 7-5 
SHOW BUS 6-8 

SHOW CALIBRATE 9-2,9-3,9-11,9-15 
SHOW CALIBRATE 1 9-4, 9-5 
SHOW CALIBRATE 2 9-10,9-11 
SHOW CALIBRATE 3 9-13, 9-15 
SHOW DEFINE 7-10 
SHOW NLOCKOUT 7-12 
SHOW NREMOTE 7-12 
SHOW PROGRAM 3-11 
SHOW SPECIAL 3-7 
SHOW SRE 6-8 


Commands (continued) 

SHOW STATUS 
effect on URQ bit 6-6 
reading then clearing bits 6-7 
using to read and clear status bits 6-6 
SHOW TEST 11-7 
SINGLE 3-13,4-4,6-8,7-10 
equivalence to Q 7-9 

example of in GPIB controller program 6-10 
front panel usage 2-6 
SPECIAL HALT 3-10 
SRE 3-7,6-8 

binary or decimal parameter entry 6-8 
example of 6-8 
STEP 3-11,3-12,9-12 
equivalence to X 7-9 
STORE 3-8, 3-9 
STORE CALIBRATE 9-2,9-12 
STORE CALIBRATE 1 9-4,9-9, 9-12, 9-17 
STORE CALIBRATE 2 9-11,9-12,9-18 
STORE CALIBRATE 2 CALIBRATE 9-17 
STORE CALIBRATE 2 SPECIAL 9-11 
STORE CALIBRATE 3 9-12, 9-13, 9-18 
STORE CALIBRATE 3 SPECIAL 9-15 
STORE PROGRAM 3-11 
TEST B-l 

see also TEST command 
TEST 1.X 3-11 
TEST FORMAT 3-3, 11-7 
TRACK 3-5,4-7 
TRG 3-13,4-4,6-8 

example of in GPIB controller program 6-10 
UNITS 2-1,2-9,3-4,4-12 
USER 6-6 

VOLTAGE 3-5,4-12,4-13 
X 3-12,9-12 
equivalence to STEP 7-9 
immediate action key 7-9 
ZERO 3-5,4-12,5-4 
ZERO HALT 5-2,5-5 
ZERO SINGLE 5-4, 8-6, 8-7 
Communication options, see Remoterdevices 
Commutation of signal, see Alternate 4-9 
Compatibility mode, see GPIB 
Compensating for stray capacitance and loss, see Zero 
compensation result mode 5-2 
Computer emulation, see Terminal 
Conductance 
units of 4-11 
where useful 4-11 
Connectors 
coaxial 
BNC 8-6 

BNC vs. 874, choice of 8-6 
failure mechanisms of 8-6 
loss in failing 8-6 
type 874 8-6 
rear panel locations 1-10 
RS-232, types of 7-1 
sample switch D-1 
Continuous 
measurements 2-7 
controlling rate of 4-4 
stopping 4-4 
parameter 3-2, 3-3 
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Control-A ( A A) character 7-10 
Control-E ( A E) character 7-11 
Controll-H ( A H) character 7-11 
Control-Q ( A Q) character 7-10,7-13 
see Serial remote operation 7-5 
Controi-S ( A S) character 7-10, 7-1.3 
see Serial remote operation 7-5 
Control-U ( A U) character 7-11 
Controller, GPIB option 1-9 
Covers, removal and installation of 12-3 
Current parameter set, definition of IGB-2 
CuiTent-loop operation, 20 ma, see Serial remote operation 7-6 

D 

DAC, definition of 11-1, IGB-2 
Data 

fields, see Fields, data 

presentation of, see also Results, formatting of 5-1 
Data communications equipment, see RS-232:DCE 7-4 
Data flow, see Serial remote operation 
Data logger, see Logger 

Data terminal equipment, see RS-232: DTE 7-4 
DC bias, see Bias 

dc on L I nPUb message 4-13,4-14 
DC on LOW input detector 
circuit description 10-10 
tests 11-20 
DCE, see RS-232 7-4 
DCG, definition of 11-1 
DCOAX cable 8-5, 8-8 
see also Cable 

DEC Micro VAX 31.00 MMJ, connecting bridge to 7-3 
Default parameters 3-2 
Define parameter 3-6 
Definitions 

Glossary, see also IGB-2 
line 2-2 
loss 1-1 
Q-factor 8-9 
query command 6-3 
response message 6-4 
significant digits 5-1 
tan 84-11 

Terminology, see also 
window 2-2 
Delay time 

indication of execution 3-13 
specifying 3-13 
used to set display time 3-14 
Delete character 7-10, 7-11 
Delta network 8-2 
Detector 4-1 

circuit description of peak 10-5, 10-10 
circuit description of phase-sensitive 1.0-5, 10-11 
Device clear, see Initialization:GPlB:DCL bus command 
Device under test, terminology 2-1 
Diagnostic testing, see Maintenance 
Dielectric 4-3 
definition of IGB-2 
effect on loss 4-3 
Dimensions, instrument 1.-3 
DIP switch 

circuit description 10-2 
Disassembly 
tools required 1-4 
Discharge device, gas 4-14 

AH 2500A Capacitance Bridge 


Display board 
assembly drawing of F-36 
circuit description 10-2,10-9 
list of parts F-35 
removal, and installation 12-7 
schematic of F-37 
Displays 

definition of IGB-2 
front panel 2-1 
location of 2-3 
number formats used 5-5 
setting display brightness 2-4 
setting duration of results 3-14 
in programs 3-14 

showing a minimum value using a " a" symbol 5-5 
showing large numbers with large uncertainties 5-5 
Dissipation factor 
units of 4-11 

where useful 4-11 
Drawings 

bridge bottom view F-15 
bridge top view F-13 
display board F-36 
exploded view of bridge F-9 
keypad board F-34 
main board F-55 
multiplexer board F-44 
power supply board F-18 
preamp board F-72 
processor board F-24 
DTE, see RS-232 7-4 
DUT 

compensating for stray impedance of 4-12 
definition of IGB-2 
terminology 2-1 

E 

E error 3-14 

EC E EES flDI SE message 2-8 
Echoing of commands to serial port 7-7 
testing lor disabled 7-8 
where appropriate 7-7 
EEPROM memory 3-1, 3-8,3-10,9-11 
definition of IGB-2 
table of emor messages 11-42 
Elapsed Time parameter 3-7 
EMI from AH 2500A 1-3 
Engineering notation 5-9 
Environment, see Requirements, environmental 
EPROM memory 3-1 
definition of IGB-2 
Erase character 7-10, 7-11 
Error messages B-l 

RC on L I nPub 2-8 
End nab OPErflbLE 3-11 
dc an L I nPUfc 4-13,4-14 
E 3-14 

EEEESS HOI SE 2-8 

H 2-9 

H E a L Short 2-9 
L to Cud Shar b 2-9 
table of 

arranged alphabetically B-2 

command and data arranged by error code B-8 

measurement, arranged by error code B-6 
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Errors 

entry 

correcting erroneous keypad input 2-4 
typing, correction of, see aiso Typing errors 7-10 
measurement 
cable 

see also Cable 8-5 

table showing error from vs. capacitance and length 8-5 
circuit model of three-terminal 8-4 
effect of magnetic field on cable inducatnce 8-5 
effects of eixor sources 8-5 
hard errors 2-9 
meaning of B-l 

minimizing enclosed area of cable 4-9, 8-5 
skin-depth 8-5 
sources of 8-4 
messages B-l 

see also Error messages B-l 
numeric B-l 
reporting of 

error codes vs. eixor messages 5-6, B-l 
error vs. informative/prompt B-l 
measurement vs. command/data B-l 
ESD, anti-static handling techniques 12-1 
Examples 

correcting erroneous keypad input 2-4 
entry syntax of a remote command 6-3,7-9 
GPIB controller programs 6-9 
interactive 6-13 

negative stray loss in a capacitor’s field 8-4 

numeric notation types 5-8 

programs 

controlling display duration within 3-14 
external trigger 4-4 
GET 4-4 

setting display brightness 2-4 
SHOW command 2-5 
using qualifying labels 2-5 
using the arrow keys 2-5,2-6 
using the PLACES command 5-2 
using the URQ bit 6-6 
using theFORMAT command 
to select fields 5-6 

to select fixed vs. variable field widths 5-8 
to select labeling and punctuation 5-7 
zero or negative stray capacitance across a resistor 8-3 
Experiments 
hard eixor messages 2-9 
measurement sensitivity 2-8 
measurements 2-7 
measuring capacitance 2-9 
measuring combined capacitance and loss 2-9 
measuring loss 2-9 
noise sensitivity 2-8 
External trigger input 
clearing of buffer 3-14 
definition of IGB-2 
example of required program 4-4 
handling of unexpected pulses 3-14 
location of jack 1-10 
signal conditions required 3-14 
synchronizing to 3-14 
using with GPIB 6-8 


Features of AH 2500A 
general 1-1 

summary of calibration and test 1-2 
summary of interface and control 1-2 
summary of measurement I -2 
Fields, data 

actual voltage used 5-5 
alignment of columns 5-8 
capacitance value 5-5 
error code or message 5-5 

example of selecting fixed vs. variable field widths 5-8 
labels for 5-7 

enabling and disabling 5-7 
use of “=” and “>” symbols 5-7 
loss value 5-5 
sample number 5-5 
see Results, formatting of 5-5 
width of 

fixed/variable 5-8 
Files 3-1 
adding files 3-8 
changing the contents of 3-9 
definition of IGB-2 
deleting files 3-9 
filenames 3-8 
of "0" 3-8 
of"1" 3-10 
file types 3-8 
definition of IGB-2 
listing file names 3-8 
parameter sets 3-1 
permanent files 3-8 
pictorial relationship of 3-2 
power-on 3-2, 3-10 
showing all parameters in 3-9 
showing one parameter of a file 3-9 
working with contents 3-9 
Fill characters for RS-232 7-7 
Filter, bandpass, circuit description 10-10,10-14 
Firmware 

definition of IGB-2 
replacement of 12-5 
Fixtures 

measurement 4-12 
Floating-point notation 5-8 
Format parameter 3-2, 3-3 

Formatting of remote results, see Results, formatting oEremote 5-5 

Four- and five-terminal measurements 4-2 

Frequencies 

calibration of capacitors at other 8-8 
Front panel 

circuit description 10-2, 10-9 
controls and indicators 2-2 
display limitations C-4 
displays, see Displays 
drawing of 2-3 
limiting access to 7-11 
see also Serial remote operation:control states 
tests 11-14 
FS, definition of 11-1 
Fuse 

checking/repiacing the power line fuse 1-6 
choosing the proper fuse 1-6 
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G 

Gas discharge device 4-14 
Gauge parameter set 2-5,3-1, 3-4 
Alternate 3-4 
Average Time 3-4 
Bias 3-4 
Cable 3-4 
Reference 3-5 
Tracking 3-5 
Voltage 3-5 
Zero 3-5 

GET, see GPIB:GET 
Gigohms 4-11 
GPIB 

bus address 
primary 6-2 

primary, default value of 6-2 
secondary 6-2 

secondary, default value of 6-2 
Bus parameter set 3-6 
Bus parameter set, see also 
compatibility mode 6-14 
configuration parameters 6-1 
connecting GPIB cabling 6-1 
controller 

familiarity with 6-1 
option 1-9 

program examples 6-9 
program examples, interactive 6-13 
data logger option 1-9 
data logging, see LoggingiGPIB 
DCL bus command 6-14 
definition of IGB-2 
determining when to read results 
by hanging the bus 6-9 
by serial polling 6-9 
by using service requests 6-9 
device clear, see Initialization:GPIB:DCL bus command 
EOI bus wire 6-4 
equipment options 1-9 
external trigger input 6-8 
example of use with controller program 6-11 
front panel input 

example of use with controller program 6-11 
GET 6-8 

bus command 3-13 

example of in controller program 6-10 
messages in input buffer 6-4 
program example 4-4 
GTL bus command 6-3,6-11 
IEEE-488.1, definition of IGB-2 
IEEE-488.2 

compatible results, selection of 5-9,6-14 
definition of IGB-2 
IFC bus command 6-14 
in itialization of AH 2500A, see Initialization 
initiation of measurements 
by a controller 6-8 
by a non-controller 6-8 
Input buffer, see also 
interactive operation 
benefits of 6-12 

determining that bridge is ready for a command 6-12 
forcing a new command line prompt 6-1.2 
programming controller to interrupt commands 6-12 
using the prompts feature 6-12 
using the RDY and MAV status bits 6-12 
interface clear, see Initialization:GPIB:IFC bus command 
LF A END line termination 6-14 


LLO bus command 6-2 
LDCFIL tocoub message 6-3 
location of port connector 1-10 
major topics of chapter 6~ 1 
multi-command lines, see Multi-command lines 
other reference documents 
bibliography 6-1 
IEEE-488.1 standard 6-1 
output buffer 
effects of overflowing 6-5 
uPl b Out buF Ful I message 6-5 
size of 6-5 

permanently saving configuration settings 6-2 
printer option 1-9 
prompts, appropriate use of 6-13 
query commands, see also 
reading the status 
with a command 6-6 
with a serial poll 6-7 
remote command entry 
basic syntax 6-3 
examples of 6-3 
number of letters needed 6-3 
possible errors 6-3 
REMOTE LED indicator 6-2 
REN bus line 6-2,6-11. 

reporting status and mask bytes in binary or decimal format 6-14 
response message, see also 6-4 
RST command 6-14 
SDC bus command 6-14 

selective device dear, see Initiaiization:GPIB:SDC bus command 
separating result lines with semicolons or line feed charactors 6- 
14 

serial poll, see also 

service requests, see also 

setting the configuration parameters 6-2 

SPD bus command 6-7 

SPE bus command 6-7 

SRQ bus line 6-7 

states 

indicators of 6-2 
local 6-2 

local-with-lockout 6-2 
remote 6-2 

remote-with-lockout 6-3 
status reporting, see Status byte 
TALK and LISTEN indicators 6-2 
TRG/GET program 3-13 
UNT bus command 6-7 
"Greater than" symbol, see Displays 5-5 
Ground reference points, internal 11.-4 
Group Execute Trigger, see GPIB:GET 

H 

H message experiment 2-9 
H bo L Shark: message experiment 2-9 
Handshaking, see RS-232 7-4 
Hardware options E- l 

Hardware used for disassembly and reassembly 12-1 
HIGH terminal 
definition of IGB-2 
location of jack 1-10 
signal level, adjustment 11-22 
HTBASIC 6-9 
Humidity 
operating 1-2 
storage 1-2 
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I 

IBM PC AT, connecting bridge to 7-2 
IDAC, definition of 11-1 
IEEE-488, see GPIB 
IEEE-488.1, definition of IGB-2 
IEEE-488.2, definition of IGB-2 
Immediate-action keys 2-4,7-9 
Indicator(s) 

OVEN NOT READY 2-1 
oven status 2-2 
remote 6-2,7-11 
status 2-2 

status, location of 2-3 
Inductance 
cable 8-7 

effect of magnetic field on cable 8-5 
equivalence to negative capacitance 8-2 
measuring series-kilohms of 8-9 
model of cable 8-4 
smallest measurable 8-2 
Inductometer, Brooks, by Leeds & Northrup 8-9 
Inductors 

inductance of 
calculation of 8-9 

lookup table for popular values of 8-9 
Inductometer, see also 
large 

DC value relative to 1 kHz value 8-9 
difficulty of measuring 8-9 
self-resonance of 8-9 
stray capacitance of 8-9 
loss and Q-factor of, measuring of 8-9 
measurement of 8-8 
resistance of wire in 8-8 
Initialization 
GPIB 

DCL bus command 6-14 
hierarchy of commands 6-14 
IFC bus command 6-14 
items that are reset 6-1.5 
RST command 6-14 
SDC bus command 6-14 
of parameter sets 3-10 
serial port 
A E character 6-15 
Input buffer 

for command messages 6-4,7-10 
limit on command line length 6-4, 7-10 
Input protection 4-14 
circuit description 10-9 
Inspection, receiving 1-4 
Installation 1-5 

Integrated circuit removal techniques 12-1 
Interface clear, see Initialization:GPIB:IFC bus command 
Interference, electromagnetic 
frequencies near 1 kHz 4-8 
from AH 2500A 1-3 
from other instrumentation 4-8 
from power line harmonics 4-8 
from power lines 4-8 
magnetically coupled 4-8 
effect on coaxial cable 4-8 
reduced by minimizing enclosed area 4-9 
minimizing coupling of 4-8 
reduced by distance 4-8 
reduced by shielding 4-8 
reduced with the ALTERNATE command 4-9 
Internal calibration circuitry 10-5 


Jumpers 

20 ma current loop configuration 7-6 
RS-232 handshake configuration 7-6 

K 

Keypad 2-2 

command key labels 2-4 
definition of IGB-2 
immediate-action keys 2-4 
location of 2-3 

notation for in this manual 2-2 
numeric key labels 2-4 
qualifier key labels 2-4 
reserved key labels 2-4 
special key labels 2-2 
Keypad board 
assembly drawing of F-34 
circuit description 10-2, 10-9 
list of parts F-33 
removal and installation 12-7 
schematic of F-37 
Keys 

(clear] 2-2 

(ENTER] 2-2,2-4,7-12 
iFUNCj 2-2, 6-3 

I LOCAL] 2-4, 6-2, 6-3, 7-11,7-12 
[SINGLE] 2-4 
[STEP] 2-4 

m , Rl CHand [*•] 2-2 
customizing of RS-232 editing 7-10 
delete, RS-232 
changing behavior of 7-10 
example of changing code of 7-10 
function of 7-10 

selecting for use with video or printing terminal 7-11 
erase line, RS-232 
selecting character code for 7-11 
l""?'"] and [3 for showing parameters 3-2 
Kilohms 4-11 

L 

L fro urid Short 
detection of by cold-start 4-7 
message experiment 2-9 
LAN Interface 1-9 
LED, definition of IGB-2 
Leeds & Northrup, Brooks inductometer 8-9 
Length, of data character for RS-232 7-7 
Line feed (LF) character 6-4, 6-14, 7-7,7-10 
Line, definition of 2-2, IGB-2 
Linearity 

definition of IGB-2 

double-valued characteristic resulting from inadequate 9-3 
effects of internal calibration on 9-3 
specification of C-5 
option-E C-6 

Listen-only, see Printer, listen-only 
LOCAL L oc out message 6-3, 7-12 
Lockout 

clearing using special maintenance procedure 11.-3 
parameter 3-6,7-12 
power-on, usefulness of 7-13 
serial states with 7-12 
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Logger 

Baud parameter 3-6 
Bus parameter 3-7 
GPIB, speed of 6-15 
options 1-9 
serial option 1-9 
Logging 
GPIB 6-15 

default value of content parameter 6-15 
enabling and disabling 6-15 
enabling talk-only mode 6-16 
talk-only mode 6-15 
to a controller 6-15 
to a non-controller 6-1.5 

using the content parameter to control, what is logged 6-15 
RS-232 7-13 

default value of content parameter 7-13 
enabling and disabling 7-13 

using the content parameter to control what is logged 7-13 
serial data logging 7-13 
Loss 

available units of 4-11 
changing units 4-1.2 
circuit model of 
choice of 4-10 

for standard measurements 4-10 
definition of 1 -1, IGB-2 
from stray dielectric 4-3 
in cable dielectric 8-4 
interpretation of unexpected change in 8-1 
monitoring to increase confidence 8-1 
negative, see Negati ve doss 

relative contribution of negative and positive sources of 8-4 
units of 

conductance 4-11 
dissipation factor 4-11 
loss vector 4-1.1 

mathematical relations among 4-10 
parallel resistance 4-11 
series resistance 4-1.1 
Loss vector 
units of 4-11 
LOW terminal 
definition of IGB-2 
location of jack 1-10 

M 

Macintosh computer, connecting bridge to 7-3 
Macros, see Programs 3-10 
Magnetic field 

see also Interference:electromagnetic 4-8 
see Cable:inductance 8-5 
Main board 

assembly drawing of F-55 
circuit description 10-13 
list of parts F-49 
removal and installation 12-8 
schematic of F-57 
tests 11-24 

Main ratio transformer 
circuit description 10-14 
overload detector tests 11-21 
signal readings 11-21 


Maintenance 
diagnostic tests 11.-4 

equipment and accessories required 1-4,11-2 
Manufacturers of parts, see Parts 
Measurements 

abnormally long times for 4-5 

average time, see also 

continuous, see Continuous: measurements 

conversion of resul ts to a more appropriate model 8-1 

deviation from reference value, see Results, modes of 

effect of series/parallel circuit model 4-10 

elimination of meaningless digits 5-1 

errors, meaning of B-l 

experiments 2-7 

externally triggered 4-4 

fixtures 4-12 

formatting of remote device data, see Results, formatting of 5-5 

four- and five-terminal 4-2 

increasing confidence by monitoring loss 8-1 

inductors, see also Inductors, measurement of 8-8 

interpretation of 

negative capacitance 8-2 
negative loss 8-3 

unexpected change in capacitance 8-1 
unexpected change in loss 8-1 
wye-delta transformations 8-1 
interpretation of results 8-1 
negative values 4-11 
programmed 3-10 
rapidly changing 4-7 
readings with uncapped inputs 2-6 
re-calculation of 4-12 

reporting results of, see Results, formatting of 
separability of capacitance and loss readings 8-1 
Significant digits, see also 5-1 
single 4-4 

single measurements using front panel 2-6 
speed of 

see Speed of measurements 
vs. fluctuation of 4-5 
three-terminal 4-2 
how bridge makes 4-2 
time for 4-5 

reasons for variability of 4-5 
relation to averexp 4-6, C-4 
trusting the results 8-1 
two- vs. three-terminal connections 2-10 
two-terminal 4-2 

Mechanical drawings, see Drawings 
Mechanical shock, see vibration 
Memory 

circuit description 10-2, 10-8 
types of 3-1 
Messages 
eiTor B-l 
informative 
table of B- l 0 
informative vs. error B-l. 
prompl vs. error B-l 
Mhos 4-11 

MMJ connector, see also RS-232 7-3 
Modem 1-9 
Mounting, rack 1-5 


AH 2500A Capacitance Bridge 


index, Glossary and Bibliography IGB-13 



MSD, definition of 11-1 
MSRD, definition of 11-1 
Multi-command lines 
as a query line 6-4,7-10 
entering 6-4, 7-9 

immediate-action commands within 6-4, 7-9 
replying to command that otherwise generates a prompt 6-4, 7-9 
use of EDIT to force a prompt 6-4, 7-9 
use of semicolons within 6-4, 7-9 
use of to create a single response message 6-5 
use of to guarantee that a command produces a result 6-4 
example of 6-4 
Multiplexer 

circuit description 10-5,10-11 
MUX and A/D tests 11-14 
Multiplexer board 
assembly drawing of F-44 
circuit description 10-10 
list of parts F-42 
removal and installation 12-8 
schematic of F-45 
tests 11-20 

MUX, definition of 11-1 

N 

Nanosiemens 4-11 
Negative 
capacitance 

a practical example 8-3 
construction of simple network having 8-3 
interpretation of 8-2 
loss 

a practical example 8-4 
construction of simple network having 8-3 
interpretation of 8-3 
Nesting of programs 3-11 
Noise 

Average time, see also 

effect on measurement speed 4-5 

from internal bias resistor 4-14 

from uncapped LOW input 2-6 

from vibration 4-2 

in least significant digit 5-1 

interference, electromagnetic, see also 4-8 

Johnson 11-20 

reducing effect of 2-8 

rejecting interfering signals 4-8 

sensitivity experiment 2-8 

thermal 4-2 

triboelectric 4-2 

using AH 2500A averaging vs. computer averaging 4-6 
using average time to reduce 4-6 
Non-volatile memory 
definition of IGB-2 
see also EEPROM, EPROM 
Notation 

for specifications C-l 

numeric, see Numeric notation 

reference numbers of bridge components 11-10 

schematic diagrams 10-1 

use of underlined characters A-1 

used for keypad 2-2 
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attenuator voltages might be half of what you expect 11 -39 
do not open the standard capacitor assembly 12-12 
effects of discharge of overvoltage protector 11-18 
importance of understanding that two sets of capacitance calibra¬ 
tion data are maintained 9-11 

importance of understanding that two sets of transformer calibra¬ 
tion data are maintained 9-14 

preamp cover must make good electrical contact with preamp 
enclosure 11-16,11-20, 12-11, 12-12 
saving original packaging 1-4 
shielding, importance of 2-7 

some tests fail until oven reaches normal temperature 11-14, Il¬ 

ls 

the need for 100% shielding 4-3 
use original packaging for shipping 1-7 
Null modem, using with RS-232 7-2 
Numeric key labels 2-4 
Numeric notation 5-8 
engineering notation 5-9 
entry of A-l 
examples of 5-8 
floating-point notation 5-8 
scientific notation 5-9 
selection of type 5-9 
types accepted as input 5-8 

O 

Operation 2-1 

Option board interface, circuit description 10-2 
Option-E 1-1 
definition of IGB-2 
Options parameter 3-7 
Options, hardware E- i 
Original calibration data, see Calibration 
Oven 1-1 

controller circuit description 10-16 
manual oven circuit tests 11-15 
programmed time for stabilization of 3-13 
status indicator 2-2 
OVEN NOT READY indicator 2-1 
Owner passcode 9-17 

P 

Parallel resistance, see Resistance:parallel 
Parameter sets 
Basic 3-2 
Baud 3-6 
Bus 3-6 
contents of 3-2 
current 3-1 
default 3-2 
definition of IGB-3 
editable 3-1 
Gauge 2-5, 3-4 
initialization of 3-10 
pictorial relationship of 3-2 
power-on files 3-2 
Special 3-7 
stored as files 3-1 
types 3-1 
Parameters 
definition of IGB-3 
entry of A-1 

positional, see also Positional parameters A-1 

AH 2500A Capacitance Bridge 


C04 





Parity, RS-232 7-7 
no testing of 7-7 
Parts 
lists of 

basic bridge F-8 
cabinet F-ll 
display board F-35 
exploded view F-ll 
fuse options F-8 
keypad board F-33 
main board F-49 
multiplexer board F-42 
power line cords F-8 
power supply board F-17 
preamp board F-69 
processor board F-21 
manufacturer identification list F-7 
Passcodes 
Calibrator 9-17 
changing of 9-18 
explanation of 9-17 
Owner 9-17 
explanation of 9-17 
importance of tight control of 9-17 
programs containing 3-11 
recommended use of 9-17 
Replace 

changing of 9-18 
explanation of 9-17 
importance of tight control of 9-17 
User 

changing of 9-17 
explanation of 9-17 
Patent Information 1 -2 
PI network 1.1-37 
Picofarads, G/cojpF 4-11 
Piezoelectric unknowns 4-14 
Places parameter 3-3 
Positional parameter entry with 
BAUD command 7-6 
BUS command 6-2 
FORMAT command 5-6 
SRE command 6-8 
Power 

applying 2-1 
location of switch 2-3 
requirements 1-3 
Power line 
cord 1-5 

list of choices F-8 
fuse, see Voltage 
location of input connector 1-10 
voltage, see Voltage 
Power line sensitivity specification C-6 
Power supply board 

assembly drawing of F-18 
checking power supply voltages 11-4 
circuit description 10-5 
list of parts F-17 
quality tests 11-14 
removal and installation 12-5 
schematic of F-19 
Power-on 
files 3-2,3-10 

initialization of parameter sets 3-10 
uses of programs 3-13 
PPM, definition of 1GB-3 


Preamp 

circuit description 10-5, 10-10 
tests 11-16 
Preamp board 
assembly drawing of F-72 
circuit description 10-9 
list of parts F-69 

removal and installation 12-9, 12-11 
schematic of F-73 
Precision, definition of IGB-3 
Presentation of data, see also Results, formatting of 5-1 
Principles of operation 
basic 4-1 
Printer 
GPIB 1-9 
listen-only 1-9 
serial 1-9 

Printing terminal, see Terminakprinting 
Processor 

circuit description 10-2 
tests 11-14 
Processor board 

assembly drawing of F-24 
circuit description 10-6 
firmware replacement 12-5 
list of parts F-21 
removal and installation 12-6 
schematic of F-25 
Programmable gain amplifier 
(ACG) circuit description 10-5, 10-10 
(DCG) circuit description 10-5,10-11 
Programs 3-10 

commands not allowed within 3-11 
count 3-12 

creating programs 3-10 
current 3-2,3-11-3-14 
delay times 3-13 
editing of 3-10 
execution mode 
continuous 3-12 
non-stop 3-12 
repetitive 3-12 
single-step 3-12 
execution of 3-12 
GET and PROGRAM 2 4-4 
GPIB TRG/GET program 3-13 
indication of execution 3-12 
nesting depth of 3-11 
passcodes within 3-11 
PROGRAM 1 and PROGRAM 2 3-13 
prompts generated by 3-11 
purpose and possibilities 3-10 
recalling of 3-13 
REPEAT qualifier 3-12 
saving of 3-11 
see Examples:programs 
short vs. long 3-10 
showing contents of 3-11 
special programs 3-13 
subprograms 3-12 
terminating prematurely 3-13 
time interval 3-12 

use of to create a single response message 6-5 
uses of power-on 3-13 
windows shown 3-12 
Programs, GPIB controller examples 6-9 
interactive 6-13 
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Prompts 
3-1.2 
“>” 7-7 

HrE you 5 UrE 3-9,3-11 

generated by programs 3-11 
rERd0 Pr 3-10 
table of B-10 

Protection of HIGH and LOW terminals 4-14 

Q 

QDAC, definition of 11-1 
Q-factor 4-11 
definition of 8-9 

Quadrature phase shifter, circuit description 10-4, 10-14 
Quadrature ratio transformer 
circuit description 10-15 
Qualifier key labels 2-4 
Qualifiers, see Commands, qualifiers of 
Quality factor, see Q-factor 
Query commands 2-6 
as a multi-command line 6-4,7-10 
definition of 6-3, IGB-3 
examples of 6-3 
GPIB 6-3 
in programs 3-13 
interruption of 6-3 

one-to-one relation to response messages 6-4 
synchronization of commands and response messages 6-4,6-9 
Query result 3-12 

R 

Rack mounting 1-5 
Radio frequency emissions 1 -3 
RAM memory 3-1,3-10 
definition of IGB-3 
Range of bridge, specification of C-2 
Ratio transformers, see also Transformers, ratio 4-1 
RD, definition of 11-1 
rERd y Pr prompt 3-10 
rERd'd prompt 2-4 
Rear panel 

connector identification 1-10 
drawing of 1-10 

interfaces, circuit descriptions of 10-2 
Reassembly, see Disassembly/reassembly 
Re-calculation of measurement results 4-12 
Reference 
parameter 3-5 

result mode, see Results, modes of 
Reference capacitor, see Standard capacitor 
Relay(s) 

calibration and test 11-18 
decade banks 10-1.6 
lifetime of 4-7 
operate/calibrate 10-10 
resistance of attenuator 9-13 
RTMDAC 10-4 
tests 11-33,11-37,11-39 
Remote 
devices 1-8 
definition of IGB-3 
GPIB equipment options 1-9 
reporting limitations C-4 
see also GPIB and/or RS-232 
indicator 6-2,7-11 
parameter 3-6 
Repair 

philosophy 1.1.-1 
service 1-7 


Repetitive measurements, see Continuous 
measurements 
Requirements 
environmental. 1-2 
operating 
humidity 1-2 
temperature 1-2 
power 1-3 
storage 

humidity 1-2 
temperature 1-2 
Reserved key labels 2-4 
Reset circuit, description of 10-7 
Resistance 
cable 8-7 

leakage, model of 8-4 
optimizing series bias 4-14 
parallel 

difference vs. DC value 4-11 
units of 4-11 
series 

model of cable 8-4 
units of 4-11 
units of 

where useful 4-11 
Resistor 

creating zero or negative stray capacitance across 8-3 
Resolution 
definition of IGB-3 
specification of C-4 
option-E C-6 
Response messages 
commands that generate multiple 6-4 
definition of 6-4 
guaranteeing reception of all 6-4 
Joss of part of one 6-4 
one-to-one relation to query commands 6-4 
use of a program to create one message 6-5 
use of multi-command line to create one message 6-5 
using HOLD command to receive all 6-5 
ways they can be lost 6-4 
Results 

conversion of to a more appropriate model 8-1 
interpretation of 8-1 
see also Measurements 8-1 
trusting 8-1 
Results, formatting of 
choice of punctuation 5-7 
data fields within, see Fields, data 5-5 
elimination of meaningless digits 5-1 
example of 

field selection 5-6 

selecting fixed vs. variable field widths 5-8 
selecting labeling and punctuation 5-7 
full measurement result format 5-5 
leading space character 5-6 
limiting significant digits 5-1 
Numeric notation, see also 
on front panel displays, see Displays 
position of error codes vs. error messages 5-7 
remote 5-5 

selecting which fields to send 5-6 
selecting error codes vs. error messages 5-6 
selection of IEEE-488.2 compatible 5-9 
Significant digits, see also 5-1 
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Results, modes of 5-2 
Absolute result mode 5-2 
re-caiculation of 5-3 
reference percent format 
selection and de-selection, of 5-3 
Reference result mode 5-2 
enabling and disabling 5-3 
indication of in second window of result. 5-4 
indication of using SHOW 5-4 
indication of with bil Sb message 5-3 
reference values 

entering automatically 5-3 
entering manually 5-2 
numeric notation used to enter 5-3 
units of 5-3 

Zero compensation result mode 4-12,5-4 
zero compensation values 
entering automatically 5-4 
entering manually 5-4 
numeric notation used to enter 5-4 
power-on measurement of 3-13 
units of 5-4 
Zero result mode 
enabling and disabling 5-4 
indication of in second window of result 5-5 
indication of using SHOW 5-5 
indication of with bUSb message 5-5 
RETURN key 7-9 
Return procedure 1-7 
RFI from AH 2500A 1-3 
RJ style connector 7-3 
ROM 

definition of IGB-3 
memory 3-1, 3-8 
Version 3-7 
RS-232 

aborting command execution 7-11 
redefining character code for 7-11 
advantages of using 7-1 
Baud parameter set 3-6 
baud rate 7-7 
cable 

limitations on length 7-1 
limitations on type 7-1 
specification of 7-1 
command echoing 7-7 
testing for disabled 7-8 
where appropriate to use 7-7 
connection to 

“dumb” vs. “smart” terminals or computers 7-8 
DEC Micro VAX 3100 MMJ 7-3 
IBM PC AT 7-2 
Macintosh Mini-DIN-8 7-3 
connections 
basic issues 7-1 
frame ground 7-3 
connectors 
pinouts 7-1 

table of common 7-2 
signal names, table of 7-2 
Control-Q ( A Q) character 7-5 
Control-S ( A S) character 7-5 
customizing editing keys, see also Typing errors 7-10 
data logging, see Logging:RS-232 
DCE 7-1, 7-2, 7-4, 7-5, 7-7 


RS-232 (continued) 
delete key 

changing behavior of 7-10 
example of changing code of 7-10 
function of 7-10 

selecting for use with video or printing terminal 7-11 
DTE 7-1, 7-2, 7-4, 7-5, 7-7 
DTE/DCE 

identification of, for your remote serial port 7-4 
equipment options 1-8 
erase line key 

selecting character code for terminal 7-11 
excellent references 7-1 
fill characters 7-7 
front panel, limiting access to 7-11 
see also Serial remote operalion:control states 
handshake lines 7-4 
disabling 7-4 
eliminating 7-5 
Input buffer, see also 
inserting comments 7-10 
internal jumper options, see Jumpers 
length of data character 7-7 
LDLRL Locout message 7-12 
location of port connector 1-10 
logger option 1-9 

multi-command lines, see iMuiti-command lines 
null modem 7-2 
parity 7-7 
no testing of 7-7 
remote command entry 
basic syntax 7-8 
comparison with GPIB 7-8 
examples of 7-9 
number of letters needed 7-9 
possible errors 7-9 
REMOTE LED indicator 7-11 
RETURN key 7-9 
see also Serial remote operation 
stop bits 7-7 

swapping transmit and receive data lines 7-5 
types of connectors 7-1 

typing errors, correction of, see also Typing errors 7-10 
RS-422 serial interface standard 7-3 
RS-423 serial interface standard 7-3 
RT.MDAC, circuit description 10-4, 10-15 

S 

S/P/B, definition of 11-1 

Safety 1-3 

Sample 

definition of IGB-3 
parameter 3-3 
terminology 2-1 
Sample switch 

changing tire settling time D-2 
circuit description 10-9 
location of port connector 1-10 
power provided by D-l 
strobe line timing D-l 
table of connector pinouts D-l 
Schematics, see Circuit schematics 
Scientific notation 5-9 

Selection logic, circuit description 10-2, 10-7,10-12 
Selective device clear, see Initialization:GPIB:SDC bus command 
Self-Tests, see TEST command and Tests 11-10 
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Semicolons 

compatibility mode 6-14 
Serial Number parameter 3-7 
Serial poll 

program examples 6-10 
using to read status byte 6-7 
Serial remote operation 
20 ma current-loop 7-6 
connector pinout for 7-6 
optically-isolated 7-6 

powered vs. unpowered receiver selection 7-6 
control states 7-11 
clearing serial lockout states 7-12 
local. 7-11 

local with lockout 7-12 
remote 7-11 

remote with lockout 7-12 
saving and showing 7-12 
selecting Serial Local. State 7-12 
selecting Serial Remote State 7-12 
setting serial lockout states 7-12 
controlling data How 7-5 
carrier detect (CD) 7-6 
clear to send (CTS) 7-6 
data set ready (DSR) 7-6 
data terminal ready (DTR) 7-6 
request to send (RTS) 7-6 
ring indicator (RI) 7-6 
first-time 7-8 

interface circuit description 10-2, 10-8 
major topics of chapter 7-1 
see also R.S-232 

Series resistance, see Resistance:series 
Service requests 
extraneous 6-8 
operation of 6-7 
SRQ bus line 6-7 
status bits are states not events 6-8 
testing RQS bit 6-7 
Service, repair 3.-7 
Shielding 

ability to contain magnetic fields 8-5 
braid in coaxial cables 8-4 
importance of 4-3 
Shipping 

damaged shipment instructions 1 -5 
packaging for shipment 1-7 
Shock, mechanical, see Vibration 
Side casting, removal and installation 12-13 
Siemens 4-11 

Signal commutation, see Alternate 4-9 
Significant digits 
definition of 5-1 

elimination of meaningless digits 5-1 
noise in least 5-1 

reporting more than the bridge gives 5-1 
using external averaging 5-1 
Sine synthesizer, circuit description 10-3, 10-12 
SINGLE command 4-4 
Single measurements 4-4 
Skin-depth 8-5 
Special parameter set 3-1 
Elapsed Time 3-7 
Options 3-7 
ROM Version 3-7 
Serial Number 3-7 

Showing Special set on remote devices 3-7 
Status 3-7 


Specifications 
as contour plots C-7 

evaluation of mathematical expressions C-l 
meaning of uncertainties C-1 
measurement time C-4 
non-option-E 
accuracy C-5 
linearity C-5 
resolution C-4 
stability C-5 

temperature sensitivity C-5 
notation used C- l 
option-E 

accuracy C-7 
lineality C-6 
resolution C-6 
stability C-7 

temperature sensitivity C -7 
power line sensitivity C-6 
range of bridge C-2 

dissipation, graph of C-2 
series resistance and capacitance, graph of C-3 
reporting limitations 
display C-4 
remote device C-4 
see also Features 
voltages, test signal C-6 
Speed of measurements 
effect of 

balancing algorithms 4-5 
balancing bridge 4-5 
cold-start time 4-5 
input-amplifier noise 4-5 
operating frequency 4-5 
warm-start time 4-5 
specification of C-4 
SRE parameter 3-7 
Stability 

definition of IGB-3 
of internal components 9-3 
specification of C-5 
option-E C-7 
vs. accuracy 9-2 
Standard capacitor 4-1 
circuit description 10-16 
fused-silica, definition of IGB-2 
removal and installation 12-11 
Standard cell assembly, see also standard capacitor 10-16 
Standard oven, see Oven 
Static, anti-static handling techniques 12-1 
Status 

indicators 2-2 
location of 2-3 
parameter 3-7 
Status byte 
CME bit 6-6 
contents of 6-5 
error bits B-l 
EXE bit 6-6 

MAV bit 6-6, 6-9, 6-10, 6-12, 6-13 
MSS bit 6-7 
ONR bit 6-6 

status and event varieties 6-6 
PON bit 6-6,6-15 
RDY bit 6-6,6-12,6-13 
reading lire status 
with a command 6-6 
with a serial poll 6-7 
reporting of 6-5 
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Status byte (continued) 

RQS bit 6-9, 6-10 
see SHOW STATUS command 
serial poll, see also 
table of register bits 6-6 
URQ bit 

example using 6-6 
set by USER command 6-6 
Stop bits, of RS-232 character 7-7 
Subtraction of a constant amount, see Results, modes of 5-1 
Susceptance, capacitive 8-3 
negative 8-3 

ratio of to conductance 4-11 
Switch settings, DIP 10-2 
Symptoms, see Troubleshooting 11-4 

Synchronization of commands and response messages, see Query 
commands 

T 

Talk-only mode, see Logging:GPIB:to a non-controller 
Tan 8, definition of 4-11 
Technical support 11-2 
Temperature 

coefficient, definition of IGB-3 
limits 

operating 1-2 
storage 1-2 

sensitivity, specification of C-5 
option-E C-7 
Terminal 
printing 1-8 

software emulation of 1-8 
video 1-8 
Terminals 

HIGH and LOW 2-7 
differences between 4-2 
impedances to ground 4-2 
location of 1-10 
protection of 4-14 
voltages on 4-2 
two vs. three 2-10,4-2 
Terminology 2-1 
Glossary, see also IGB-2 
TEST command 
full form of 
options 

range of test numbers 11-5 
recommended use 11-5 
repeat count 11 -5 

selecting what results to report 11 -7 
selecting when to halt 11-7 
order of tests 1.1-10 

reference numbers of bridge components 11-10 
results 

failure count (FONT) 11-5 
format of 11-5 
front panel display of 11-6 
last test failure (LTF) 11-5 
remote device format of 11-6 
reviewing the last test failure 11 -7 
summary line 1.1-6 
front panel format 11-7 
remote device format 11-7 
table of 

allowed values of variables reported and their function 11-8 
test groups 11-11 
variables reported 11-6 
tests that require operator intervention 11-12 
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Test equipment 

recommended for calibration/verification 9-1 
recommended tools and equipment 11-2 
required for disassembly and reassembly 12-1 
required for operation and maintenance 1-4 
Test Format parameter 3-3 
Tests 

A/D, rigorous test of 11-21 
adjustment of HIGH terminal signal level 11-22 
attenuator 11-37 
voltage ratios 11-39 
bias 

high voltage 11-17 
resistor 11-16 
DAC 

stuck switches 11-32 
voltage ratios 11-32 
DC on LOW input detector 11-20 
EEPROM memory, table of error messages 11-42 
front panel 11-14 
generator 11-21 
level detection latches 11-20 
main board 11-24 
main ratio transformer 
overload detector 11-21 
signal readings 11-21 
manual oven circuit 11-15 
MUX 

and A/D 11-14 
board 11-20 
noise quality tests 11-20 
phase-sensitive detector 11-21 
PI network 11-37 
power supply quality 11-14 
preamp 11-16 
shunt 11-19 
vs. DAC 11-22 
processor 11-14 
relay (s) 

any change in decade relay positions 11 -37 
any stuck closed relays in ATN 11-37 
calibration and test relay 11-18 
relative signal level in adjacent relays 11-37 
specific stuck closed or open S1 -39 
stuck in relay decade (RD) 11-33 
S/P/B generator 
magnitude of 11-32 
phase tests of 11-33 
upper half of bridge 
non-zero 11-19 
zero test 11-18 
Three-terminal 

construction considerations 4-3 
equivalent circuit 8-4 
impedance, definition of IGB-3 
measurements 4-2 
desirability of 2-10,4-2 
how bridge makes 4-2 
Threshold , tracking 4-7 
Tools 

recommended tools and equipment for repair 11-2 
required for disassembly and reassembly 1-4,12-1 
Tracking 
parameter 3-5 
using tracking mode 4-7 
TransEra HTBASIC 6-9 
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Transformations, wye-delta 8-1 
Transformer, ratio 4-1 

attenuator (ATN), circuit description 10-16 
calibrations/verifications of 9-12 
definition of IGB-3 
main, circuit description 10-14 
quadrature, circuit description 10-15 
Transient voltages 4-13 
Triboelectric voltages 4-2 
Trigger input, external, see External trigger input 
Troubleshooting 11 -2 
basic symptoms 11 -4 
observing tests with an oscilloscope 11-14 
table of failure symptoms 11-3 
Two-terminal 

impedance, definition of IGB-3 
measurements 4-2 
Typing errors 
correction of 7-10 

customizing RS-232 editing keys 7-10 

U 

Uncertainties, see Specifications meaning of uncertainties C-l 
Underlined characters, used for command notation A-l 
Units 

changing loss units 4-12 
deciding which to use 4-10 
indicators 2-2 
of loss 

conductance 4-11 
dissipation factor 4-11 
loss vector 4-11 
parallel resistance 4-11 
series resistance 4-11 
parameter 3-4 
Unknown 

capacitance, definition of IGB-3 
definition of 2-1, IGB-3 
impedance, definition of IGB-3 
loss, definition of IGB-3 
model of 8-4 

sample, definition of IGB-3 
Unpacking 1-4 

Update calibration data, see Calibration 
Uses of AH 2500A, see Applications 


Verification 
Calibration, see also 
definition of 9-2, IGB-3 
frequency of test signal 9-17 
HIGH terminal voltage 9-17 
interval, deciding when to calibrate/verify 9-3 
loss 9-16 

AC resistor standard for 
find a commercial product 9-16 
make your own 9-16 
three possible options 9-16 

use a frequency independent commercial resistor box 9-16 
performance of 9-16 
optional availability of 9-2 
power-on programming for 3-13 
reasons for verifying only 9-2 
versus calibration 9-1 
Vibration 

noise created by 4-2 
Video terminal, see Terminal:video 


Voltage 

changing the power fuse and voltage values 1-6 
checking power supply voltages 11-4 
DC bias, see Bias 
highest 4-13 

limiting the test voltage 4-12,4-13 
parameter 3-5 

relation to measured capacitance and loss 4-13 
test voltage 4-12 
specification of C-6 
transient 4-13 

unknowns with DC voltages 4-13 

W 

Warm-start, see also Balancing algorithms of bridge 4-5 
WARNING! 

applied DC bias appears at LOW input 4-13 
damage 1-5 

do not substitute a larger current fuse 1-6 

information for trained service personnel only 12-1 

mild shock potential 2-7 

power cord ground 1-6 

shock potential in three places 11-2 

voltages used in these tests present a shock hazard 11-16, 13.-17 
Weight, instrument 1-3 
Window 3-2 
definition of 2-2, IGB-3 
Wye network 8-2 
Wye-delta transformations 8-1 
equations describing 8-1 
use of to create very large resistance 8-2 

Z 

Zero 

compensation result mode, see Results, modes of 5-4 
parameter 3-5 


AH 2500A Capacitance Bridge 


IGB-20 Index, Glossary and Bibliography 


C04 





Calibration Data, Notes, Etc. 


This tab section is reserved for your convenience. It may be 
useful for storing calibration certificates, calibration data, and 
any other notes related to your AH 2500A. 
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Command Reference 


Thi.s chapter contains the detailed descriptions for all com¬ 
mands used in the AH 2500A capacitance bridge. 

CONVENTIONS USED 

The command syntax descriptions use the conventions 
below. 

Most commands start with a root command word and are fol¬ 
lowed by various combinations of command qualifier words 
and parameter values. 

Command words are shown as COMMAND. 

UND ERLINES are used to indicate the minimum number of 
characters that can be typed to execute a command when 
operating the bridge from a remote device. 

Front panel keypad command and qualifier words and num¬ 
bers are shown enclosed in a box to indicate a key or 
sequence of keys to be pressed to enter a command. The 
lENTER) key is an example. 

Some commands have command qualifiers that limit the 
action of the command to a specific display or device. An 
example is the CAP and LOSS qualifiers which can select 
either the capacitance (upper) display or loss (lower) display. 
Another example is the BAUD and BUS qualifiers which 
limit the action of a command to the RS-232 or GPIB ports, 
respectively. The BAUD and BUS words are also used as 
root command words. 

Most commands have one or more parameters associated 
with them. Parameters that you can enter are shown like this. 
When entering a parameter like this, you substitute an actual 
value. 

Parameters and command qualifiers may be required or 
optional, depending on the particular command. Required 
parameters and command qualifiers are shown without sur¬ 
rounding brackets. 

Brackets [ ] are used to indicate that the enclosed parameter 
or command qualifier is optional. You can select any or all 
optional parameters or command qualifiers. Some of these 
options are nested, in which case an inner option cannot be 
selected unless all outer options surrounding it are also used. 

Parameters and command qualifiers may be part of a list sep¬ 
arated by the word “or”. You can make one choice from the 
list. 

Some commands have a different syntax depending on 
whether they are entered from the front panel or from a 


remote device. These are noted in the command descriptions. 
An example is the CABLE command. 

Positional Parameters 

Certain commands used in the AH 2500A have multiple 
parameters associated with them. An example of this kind of 
command is the BAUD command which has several commu¬ 
nications parameters associated with it. The values for those 
parameters must be entered in a specific order. When you 
want to enter values other than the leading value or values, 
periods (.) are used as placeholders for the missing values. 
For example, length is the fourth parameter for the BAUD 
command. If you want to change the length parameter and 
leave the other parameters as they are, you must enter 
[BAUD RATE] [~»~| m fT] m to change the length to 7 bits. 
The three periods in this example act as placeholders for the 
rate, DTE and parity parameters. These three parameters are 
left unchanged when this command is executed. This scheme 
saves having to re-enter parameters that you do not wish, to 
change. Positional parameters are indicated with periods 
between the parameter names in the command descriptions. 

Numeric Entry Notation 

Most parameters are entered as integers or occasionally as 
alphanumeric strings. 

Some parameters can be entered with a decimal point as a 
part of the number. Such parameters can be entered in two 
basically different notation formats. One is as a floating point 
number which simply consists of some digits and one deci¬ 
mal point. An example is “1 23.45678”. The other format 
consists of a signed mantissa and a signed exponent sepa¬ 
rated by an “E”. An example is “+12.345678E+81” 
Parameters that will automatically accept values in either of 
these formats are identified by “(floating point)” at the end of 
the header line for that parameter. For more information on 
notation formats, see “Numeric Notation” on page 5-8. 

COMMANDS 

The following pages contain all of the commands used in the 
AH 2500A. Most of the paragraph headings should be sell- 
explanatory. Query commands are discussed in “Aborting 
Commands” on page 2-6, in “Query Commands” on 
page 6-3 for the GPIB port and in “Query Commands” on 
page 7-10 for the serial port. 
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Description 

Periodically reverses the applied 1 kHz test signal at the 
interval specified. This makes the test signal distinguishable 
from external interference near 1 kHz. The bridge can then 
reject the interference. 

Syntax 

.ALTERNATE altexp 
Parameters altexp 

The altexp (alternate exponent) parameter specifies the inter¬ 
val at which the test signal reverses or alternates according to 
the table below. 


Table A-l Alternate time periods 


Altexp 

Alternate 
time period 

0 

Alternating disabled 

1 

0.25 seconds 

2 

0.50 

3 

1.00 

4 

2.00 

5 

4.00 

6 

8.00 

7 

16.00 


Front Panel Examples 

[FUNCI f alternate! [~3~] [enter! 

Alternate the applied test signal once per second. 

[SHOW] [fUNC] | ALTER NATE] 1 ENTER | 

Displays the following window: 

( RLbrnHtE | 

n " ~ n 

Remote Device Examples 

>RL 5 

Alternate the applied test signal every four seconds. 

>flL 8 

Turn alternate feature off. 

>SH RL 

flLTERNRTE flLTEHP=8 

> 

References 

See “REJECTING INTERFERING SIGNALS” on page 4-8. 

Related Commands none 


Default Value 0 (Disabled) 


Parameter Set Gauge 
Query Cmd? No 
Comments 

• Rejects noise due to signals with harmonics near 1 kHz. 

• Particularly useful in regions of the world with 50 Hz 
power frequency. 


A-2 
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Description 

Determines the time used to make a measurement. 


Syntax 


AVERAGE averexp 


Parameters averexp 

The allowable averexp (average time exponent) parameter 
values arid their corresponding warm-start measurement 
times are listed in the following table: 

Table A-2 Measurement times 


Aver 

exp 

Number 

of 

samples 

Sample 

Time 

Approximate 

warm-start 

measurement 

time 

0 

1 

0.01 sec. 

0.04 sec. 

1 

1 

0.05 

0.08 

2 

l 

0.10 

0.14 

3 

2 

0.10 

0.25 

4 

4 

0.10 

0.5 

5 

8 

0.10 

1 

6 

16 

0.10 

2 

7 

32 

0.10 

4 

8 

64 

0.10 - 

8 

9 

128 

0.10 

15 

10 

256 

0.10 

30 

11 

512 

0.10 

60 

12 

1.024 

0.10 

120 

13 

2048 

0.10 

250 

14 

4096 

0.10 

500 

15 

8192 

0.10 

1000 


Default Value 4 (0.5 sec. measurement time.) 

Parameter Set Gauge 
Query Cmd? No 
Comments 

• Lengthening the averaging time reduces the effects of 
random noise at the expense of measurement speed. 


Front Panel Examples 


Set the average time parameter to five which gives a total 
measurement time of about one second. 


Displays the following window: 


Remote Device Examples 

>nu ? 

Set the averaging time to approximately four seconds. 


>SH fiU 
flUERRGE 

> 


flUEREHP 5 


References 

See “MEASUREMENT SPEED VS. MEASUREMENT 
FLUCTUATION” on page 4-5 and specifically “Averaging 
Time” on page 4-6. 

Related Commands none 
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Description 

Set the communications parameters for the serial interface. 

Syntax 

BAU D rate . DTE . parity, length. stop . fill. echo 

Parameters 

rate 

is the baud rate in bits/sec and can be one of the following: 
50, 75, 110, 135, 150, 300, 600, 1200, 1800, 2400, 3600, 
4800, 7200, or 9600. The default is 9600. 

DTE 

selects whether the RS-232 port on the bridge is configured 
as “Data Terminal Equipment” (DTE) or “Data Communica¬ 
tions Equipment” by reversing pins 2 and 3 of the RS-232 
connector. When set to 0 it is configured as DCE; when set to 
1 it is configured as DTE. The default is 1 (DTE). 

parity 

controls a parity bit in each character that is sent. It can be set 
to 0 for no parity, 1 for odd parity, or 2 for even parity. The 
default is 0 for no parity. 

length 

is the optional number of data bits in each serial character, 
and can be optionally set to 7, or 8. The default is 8. 

stop 

controls the number of stop bits ending each character. This 
may be set to 1 or 2, which usually represents 1 or 2 stop bits 
respectively. An exception occurs when setting the number of 
bits to 2. When the word length is 8 and parity is odd or even, 
1 bit is sent. The default is 1. 

fill 

is the optional number of null characters sent at the end of 
each line, and can range from 0 to 9 characters. The default is 
0. 

echo 

optionally determines whether commands are echoed back to 
the serial device. A one enables echoing and a zero disables 
it. The default is one. 

Default Values 96. 1 .0.8. l .0.l 

Also see individual parameters above. 

Parameter Set Baud 

Query Cmd? No 

Comments 

• The settings of this command affect only serial port 
operations. 


Front Panel Examples 

Ifunci ibaud rate] QU dH GO GD IENTER1 
Sets baud rate to 1200 baud. 

IFUNCI IBAUD RATE| H H H H E H DD lENTER 
Disable echoing. 

[show] [FOncI ibaud rate] IENTERI 
Displays the following windows: 


bflUd 


Id. 1 . 0 3. 1 . 0.0 



rt.t.P.L.E.F.E 


IP. 1 . 0 . 9 . 10.0 


Only the first two digits of the baud rate are reported by the 
BAUD command. These windows are actually the first result 
line from the SHO W set command described on page A-39. 


Remote Device Examples 


> B fl U 398 (Set baud rate to 300 baud.) 


>BflU , . .7 

>SH BfiU 
BAUD 

DEFINE 

NREMQTE 
NLQCK0UT 
LOG BAUD 

> 


(Set bits/character to seven.) 


RflTE=38 DTE=1 PAR=0 LEN = 7 
5TP=1 FIL-0 ECH=1 
ERASED DEL = QEL BACKSP^H 
DCL="E TERH=PRINTER 

STfiTE=9 

STATE=0 

CONTENTS 


The SHOW BAUD command shows all the parameters in 
the Baud parameter set rather than just those entered by the 
BAUD command. Only the first two digits of the baud rate 
are reported by the SHOW command. 


References 

See Chapter 7, “Serial/RS-232 Remote Operation” and spe¬ 
cifically “SERIAL COMMUNICATION PARAMETERS” 
on page 7-6. 


Related Commands 

DEFINE, LOCAL, NLOCKOUT, LOGGER BAUD, 
NREMOTE 
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Description 

Enables or disables a user-supplied DC bias voltage of up to 
+100 VDC to be applied to the measured unknown. The 
external source is connected to the rear panel DC BIAS 
input. This command also selects the value of an internal 
resistor that is placed in series with the externally applied 
voltage source. 

Syntax 

BIAS enable 

Parameters enable 

The enable choices are: 

0 Disabled (no series resistor connected) 

1 100 megohm series resistor connected 

2 1 megohm series resistor connected 

The enable choices are numbered in order of ability to feed 
increased levels of current into the unknown. 

Default Value 0 (Disabled) 

Parameter Set Gauge 

Query Cmd? No 

Comments 

• Useful when measuring capacitances that exhibit DC 
voltage-dependent properties. 


Front Panel Examples 

|PC BIASl j~2~[ 1 ENTER] 

Enables DC bias and selects the 1 MQ series resistor. 

IshowI [dc"bias'! I enter! 

Displays the following window: 


[ dc bi as 
i * 


Remote Device Examples 

>01 i 

Enables DC bias and selects the 100 MQ series resistor. 

>3H BI 

DC BIAS ENflBLE=1 

> 

References 

See “UNKNOWNS WITH DC VOLTAGE” on page 4-13 
and especially “Applying a DC Bias Voltage” on page 4-13. 

Related Commands none 


WARNING ! 

The voltage that you apply to the DC bias input will be 
passed to the LOW input terminal. From there it will go to 
whatever unknown impedance and fixture you have con¬ 
nected. Be sure that your fixture and cable are constructed in 
a manner that will prevent personal contact with any applied, 
high DC voltages. The frame of the fixture and the shield of 
the cable should be grounded. 


CAUTION 

The voltage connected to the DC bias input appears directly 
across the internal fused-silica capacitance standard. 
Application of voltages significantly in excess of 100 volts 
may damage or destroy the standard. 
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Description 

Sets the brightness of the front panel capacitance and/or loss 
displays and the status and units indicators. 

Syntax 

BRIGHTNESS [CAP or LOSS] level 

Qualifiers 


CAP 

Parameters will apply to the capacitance 
display only. 

LOSS 

Parameters will apply to the loss display 
only. 

None 

Parameters will apply to both capacitance 
and loss displays. 

Parameters 

level 

The level parameter must be a number from 0 to 9. Zero turns 
the display off and sets the indicators to the same brightness 
as level one. Numbers from 1 to 9 correspond to increasing 


brightness with 9 being the maximum, brightness. 

Default Value 5 (Medium brightness) 

Parameter Set Basic 
Query Cmd? No 
Comments 

• If power is applied to the bridge, there is always at least 
one LED illuminated on the front panel. This fact can be 
used as a power indicator. 


Front Panel Examples 

IFUNCI [BRIGHTNESS] [CAP] |T1 jENTER| 

Sets the brightness of the upper display to the maximum. 
Leaves the lower display unchanged. 

|SHOW| IFUNCI IBRIGHTNESSl |ENTER| 

Displays the following window: 


bn Cihb 

cTlT 


The brightness level of the upper display is shown as C 9; 
that of the lower display as L 5. 

Remote Device Examples 

>6R 0 

Sets the brightness level of both displays to the minimum. 
>SH BR 

BRIGHTNESS C=8 L=0 

> 

References 

See “KEYPAD AND DISPLAYS” on page 2-1. and “Setting 
Display Brightness - An Example” on page 2-4. 

Related Commands none 
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Description 

Sets the communications parameters for the GPIB 
(IEEE-488) port. 

Syntax 

BU S priaddr. secaddr. ton. com pat. prompts 

Parameters 

priaddr 

is the primary GPIB bus address. It can have any value from 
0 to 30. The default primary address is 28 with no secondary 
GPIB address. 

secaddr 

is an optional secondary GPIB bus address and can range 
from 0 to 30. If no secondary address is entered, then a sec¬ 
ondary GPIB address will not be recognized. To disable a 
previously entered secondary address, the dot separator is 
immediately followed by the | ENTER) key or an end-of-line. 
The default is no secondary address. 

ton 

is the optional GPIB “talk only” switch. When set to one, 
results can be sent to a “listen only” device such as a printer 
or logger. It is normally set to zero, which is the default 
value. 

compat 

selects compatibility mode when set to one. In compatibility 
mode, all status byte values are reported in binary-weighted- 
decimal and all result lines are separated with semicolons. 
With compatibility mode off, all status byte values are 
reported in binary and all result lines are separated with CR 
and LF characters. All messages are terminated with CR, 
LF A END no matter how compatibility mode is set. The 
default value is zero. 

prompts 

makes all prompt messages available to the GPIB when set to 
a one. This is intended for use with the interactive mode of 
operation. The RDY status bit is used to distinguish a prompt 
message from all others. The default value is zero. 

Default Values 28. .0.1.0; See above. 

Parameter Set Bus 
Query Cmd? No 
Comments 

• The settings of this command affect only GPIB opera¬ 
tions. 


Front Panel Examples 

[funcI |bus addrI in m |enter) 

Sets the primary bus address to 22. 

jFUNCi |BUS ADDRI 000 ( 1 ] I ENTER] 
Disable compatibility mode. 

[show] [funcI Ibus addrI 1 enter) 

Displays the following windows: 


bUS Hddr 


Pn.SC.bLP 

ss. .Mo 


ss. mo 


The [0] and [0] keys are used to select which of the two 
windows is displayed. These windows are actually the first 
result line from the SHOW set command described on 
page A-39. 

Remote Device Examples 

>6U .15 . .1 

Set the secondary address to 15 and enable 
compatibility mode. 

>SH BU 

BUS flDDR PRI=28 SEC=15 

T0N = 0 CPT-1 PRP = 0 

SRE NRU=0 EKE=0 RDV-1 PON-8 

UR0 = 8 CHE = 0 0NR — t 
LOGGER CONTENT = 0 

> 

The SHOW BUS command shows all the parameters in the 
Bus parameter set rather than just those entered by the BUS 
command. 

References 

See “BUS CONFIGURATION PARAMETERS” on 
page 6-1, “GPIB DATA LOGGING” on page 6-15, and 
“STATUS REPORTING” on page 6-5. 

Related Commands 

LOGGER BUS, SHOW STATUS, SRE, USER 
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Description 

Compensates for the characteristics of longer cables or cables 
used to connect the bridge to larger capacitances. 

Remote Syntax 

CABLE LENGTH length 
or 

CAB LE RESISTANCE resistance 
or 

CAB LE INDUCTANCE inductance 
or 

CAB LE CAPACITANCE capacitance 

Front Panel or Remote Syntax 

CABLE 1 CABLE length 
or 

CAB LE 2 CAB LE resistance 
or 

CAB LE 3 CAB LE inductance 
or 

CAB LE 4 CAB LE capacitance 

Parameters 

length (Floating Point) 

is the length (in meters) of the coaxial cable pair connected 
between the bridge and the device under test. The length can 
be entered to the nearest hundredth of a meter up to a maxi¬ 
mum length of 999.99 meters. The default length is one 
meter. 

resistance (Floating Point) 

is the resistance (in milliohms) of the center conductor of one 
meter of cable. The value of resistance can range from 0 to 
9999.0 milliohms per meter. The default resistance is 40 mil- 
liohms per meter. 

inductance (Floating Point) 

is the inductance (in microhenries) per meter of cable, lire 
value of inductance can range from 0.00 to 99.99 microhen¬ 
ries per meter. The default value is 1.10 microhenries pet- 
meter. 

capacitance (Floating Point) 

is the capacitance (in picofarads) per meter of cable. The 
value of capacitance can range from 0.0 to 999.9 picofarads 
per meter. The default value is 70.0 picofarads per meter. 

Parameter Set Gauge 

Query Cmd? No 

References 

See “CABLE ERROR CORRECTIONS” on page 8-6. 


Front Panel Examples 

|FUNC| |CABLE| fTj |FUNC| jCABLE] FT] [ENTER] 

Sets the bridge to compensate for a 3 meter cable length. 

[FUNCl |CABLE| [~2~| |FUNC| |CABLE] 0 0Q] [ENTER] 
Sets the bridge to compensate for cable with resistance of 3.0 
milliohms per meter. (The result is rounded.) 

IshowIIfUnc] [cableI [enter] 

Displays the following windows: 


( [Rb~LEn 
( iOQ 



( CRb I nd 1 

( LID H 

m 

f [Fib CAP I 

( 10.0 H 

Remote Device Examples 

>CRB LEN 10 

Sets the bridge to compensate for a 10 meter cable length. 

>CRBL 2 CRB 6.0E+01 

Sets the bridge to compensate for 60 milliohms per meter. 

>SH CRB 

CRBLE LENGTH 3 10.00 M 

CRBLE RESISTflNCE/tt* 68,0 110 

CRBLE INDUCTfiNCE/n* 1.10 UH 

CABLE CRPRCITRNCE/ri= 70.0 PF 

> 

Comments 

• The CABLE commands are only useful for high accu¬ 
racy measurements of larger capacitance values or with 
longer cable lengths. 

• As the syntax definitions show, issuing commands from 
a remote device allows using the words LENGTH, 
RESISTANCE, INDUCTANCE and CAPACITANCE 
instead of the numbers 1,2, 3 and 4. 

• Longer cables also cause a zero error. The ZERO SIN¬ 
GLE command is used to make this correction. 

Related Commands ZERO 
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Description 

Causes the bridge to produce correction values for one of 
three different kinds of calibrations/verifications. 

Syntax 

CALIBRATE 1 

creates verification data for many internal calibration points. 

or 

CA LIBRATE 2 CAL IBRATE standardvcilue 

creates capacitance verification data to calibrate the AH 
2500A against an external standard capacitor. The external 
standard must have a value in the range of 0.5 to 1600 pF. 

or 

CALIBRATE 3 


creates verification data for the ratio transformers, only in 
Option-E bridges. The CALIBRATE 3 command requires a 
IpF to lpF three-terminal decade capacitance box. As this 
command executes, you are prompted to set up various val¬ 
ues in the decade box. 

Parameters standardvalue (Floating Point) 

The standardvalue parameter is the exact value of the exter¬ 
nal standard capacitor connected to the bridge. 

Default Value None 

Parameter Set None 

Query Cmd? No 

Comments 

• The subject of calibration must be thoroughly under¬ 
stood before using these commands. It is essential to first 
read much of Chapter 9, “Verification/Calibration”. 


Front Panel Examples 

iFUNCj ICALIBRATE] PH |FUNC| |CALIBRATEl 

r~9~i r~9~i r*~i m run ienteri 

Create capacitance calibration data using an external stan¬ 
dard capacitor which has an accurately known and traceable 
value of 99.99000 pF. 

.See the SHOW CALIBRATE command for more informa¬ 
tion. 

Remote Device Examples 

>CRL 2 CAL 10.08034 


Use a 

10.00034 

pF external 

standard. 

>CAL 

3 






SET 

CAP 

380000 

. 8 

> 


SET 

CAP 

3000 

00 

. 0 A > 

(Set the value higher) 

SET 

CflP 

100000 

.0 

> 


SET 

CAP 

1000 

00 

.0- 

> 

(Set the value lower) 

SET 

CflP 

30000, 

0 > 


SET 

CAP 

30000, 

0 > 

(Reduce the noise) 

SET 

CAP 

10008, 

0 > 


SET 

CAP 

3000 

.0 

y 



SET 

CAP 

1500 

.0 

> 



SET 

CAP 

750 , 

0 

> 



SET 

CAP 

370. 

0 

> 



SET 

CAP 

52,8 

y 




SET 

CflP 

101 . 

0 

> 



SET 

CAP 

150, 

8 

> 



SET 

CAP 

1 99 . 

0 

> 



SET 

CAP 

248. 

0 

> 



SET 

CAP 

297 . 

0 

> 



SET 

CAP 

346 . 

0 

> 



SET 

CflP 

395 , 

0 

> 



SET 

CflP 

445 . 

0 

> 



SET 

CflP 

494 . 

0 

> 



SET 

CflP 

1 97 . 

0 

> 



SET 

CAP 

99,8 

> 





> 

See the SHOW CALIBRATE commands for more informa¬ 
tion about reporting calibration data. 

References 

See “Obtaining the Internal Verification Data” on page 9-5, 
“Obtaining the Capacitance Verification Data.” on page 9-9 
and “Obtaining Transformer Verification Data” on page 9-12. 

Related Commands 

SHOW CALIBRATE, STORE CALIBRATE, 

STORE CALIBRATE CREATE, 

STORE CALIBRATE SPECIAL 
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Description 

Clears a partially entered command. 

Front Panel Syntax 

[FUNCl I clear 1 

Serial Device Syntax 

A U 

Parameters None 

Default Value 

The front panel syntax is not user-selectable. Almost any 
character can be selected for this function from the serial 
port. Ctri-U is the default. 

Query Cmd? No 

Comments 

• The serial device syntax is not recognized when sent 
from a GPIB controller. Such controllers usually provide 
their own methods for editing commands. 


Front Panel Examples 

I FUNCl [STORE! | FUNCl [CALIBRATE] 

r- RL br Fit E~ 


[FUNCl ICLEARI 

( rEHd'J ~1 


The clear function was used to abort entry of the STORE 
CALIBRATE command. 

Serial Device Examples 

>PRGGRflf1 RUERRGE 345'"U 

y 

Entry of the command was aborted with the U character 
(which is not actually shown). 

References 

See “Correcting Erroneous Input - Examples” on page 2-4 
and “Erasing Lines” on page 7-11. 

Related Commands 
DEFINE 
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Description 

Initiates measurements which are taken continuously, one 
after another. The time from the start of one measurement to 
the start of the next may be entered. 

Syntax 

CONTINUOUS [interval] 

Parameters interval (Floating Point) 

This optional parameter is the time from the start of one mea¬ 
surement to the start of the next entered in seconds and tenths 
of seconds. The maximum time interval is 99,999,999 sec¬ 
onds. 

Default. Value 0 (Runs as fast as averaging 

time will permit) 

Parameter Set None 
Query Cmd? Yes 

Since the CONTINUOUS command is a query command, 
any command will interrupt execution of the CONTINU¬ 
OUS command. However, the bridge will revert to taking 
measurements continuously after the interrupting command 
(other than SINGLE or Q) finishes executing. 

Comments 

• The SINGLE or Q commands will cause continuous 
measurements to stop after taking one more measure¬ 
ment. 

• If the interval parameter is zero, measurements are taken 
at the maximum rate allowable by the AVERAGE com¬ 
mand’s averexp parameter. 

• If the interval parameter does not exceed the averaging 
time, then the latter will determine the rate at which 
measurements are made. 

• The ICONTINUODsI key on the front panel is shared with 
the [j*] key. To issue the CONTINUOUS command 
from the front panel, you will often have to press the 
lENTERl key first. 

• The quickest way to stop the CONTINUOUS command 
is with a DEVICE CLEAR command. 


Front Panel Examples 

I CONTINUOUS! fTl lENTERl 

Takes a measurement every three seconds. 


rW9B653 


0.05811 


U z ISO 


1932S IDS 

( 5:0 1 

o. 05s io 

[ U: I.SD 


155.55033 


0.08005 


SrO 


Ur ISO 


( 1532308 3 

[ 5:0 ! 

i 0.05080 

( 0: 1.50 1 


The left window shows the capacitance and loss. The right 
window shows the sample number and the voltage used to 
make the measurement. The [*] and [*] keys are used to 
select which window of each pair is shown in the front panel 
display. 

{SiNGLEj 

Stops taking measurements. 


Remote Examples 

>co 


C=18.342956 

PF 

CD 

II 

, 8004591 

N5 

0=18.342958 

PF 

L = 8 , 

0004592 

NS 

>0=18.342958 

PF 

L = 8 . 

, 0804592 

NS 


> 

The Q command (which does not echo to the serial port) was 
used to abort the CONTINUOUS command. Measurements 
were being taken as fast as the averaging time setting would 
allow. 


References 

See “MAKING CONTINUOUS MEASUREMENTS” on 
page 2-7 and “Taking Measurements Continuously” on 
page 4-4. 

Related Commands 

AVERAGE, Q, SINGLE 
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Description 

Allows redefinition of certain special purpose ASCII key 
codes used with the serial port. These are particularly useful 
with remote video terminals attached to the serial port. 

Syntax 

DEF INE ERASE erasechar 
or 

DEFINE DELETE delchar 
or 

DEFINE BACKSPACE backspchar 
or 

DEFINE DCL devclrchar 
or 

DEFINE TERMINAL termtype 

Parameters 

The key code required by the first four versions of the 
DEFINE command may be entered in one of three ways. It 
may be entered directly by simply pressing the key which 
produces the desired code. If it is to be a control key, it may 
be entered as the corresponding letter preceded by an up 
arrow ( A ). Finally, it may be entered as the word DEL ETE if 
it is to be the ASCII “delete” character. Some characters may 
not be chosen including A A, A I, A M, A Q and A S. 

erasechar 

Is the key code that causes the current command line on a 
remote video terminal to be erased. The default erase line 
character is control U ( A U). 

delchar 

Is the key code that causes the character to the left of the cur¬ 
sor on a printing or video terminal to be erased. The default 
delete character is the ASCII delete (or rubout) key. 

backspchar 

Is the key code that causes the cursor on a video terminal to 
backspace one character position. The backspace is used in 
combination with tire delete key to remove the deleted char¬ 
acter from the screen of a video terminal. The default back¬ 
space character is control H ( A H). 

devclrchar 

Is the key code that aborts execution of all currently queued 
commands. The default device clear character is control E 

( A E). 


termtype 

Tells the bridge whether a video terminal or hard-copy 
printer is attached to the serial port. When configured as a 
printer, character deletion uses backslashes (\) to delineate 
any characters that were deleted by the delete key. The term- 
type parameter is entered as either VIDEO or PRINTER. 

The default terminal type is PRINTER. 

Default Value See individual parameters above. 

Front Panel Examples 

The DEFINE command cannot be entered nor can its param¬ 
eters be shown from the front panel. 

Serial Remote Device Examples 

>DEF DEL A H 

Set delete key code to be control H. 

>DEF TE P 

Define terminal as a hardcopy printer. 

>3H DEF 

DEFINE ERfiSE = A U DEL = DEL BRCK3P = A H 
DCL = A E TERM = PRI NTER 

% 

Parameter Set Baud 
Query Cmd? No 
Comments 

• The DEFINE command has no value with a GPIB con¬ 
troller since the characters affected are only recognized 
from the serial port. GPIB controllers usually have their 
own methods for editing commands. 

References 

See “Correcting Typing Errors” on page 7-10. 

Related Commands 

BAUD, CLEAR, DELETE, DEVICE CLEAR 
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Description 

Deletes the last character typed from a remote terminal or the 
last numeric digit or decimal point entered from the front 
panel. 

Front Panel Syntax 

[del] 

Serial Device Syntax 

delchar 

The delchar is definable using the DEFINE command. In 
other words, you can select which key serves as the delete 

key. There is usually a key intended to perform this function. 

Parameters None 

Default Value 

Serial device syntax uses the ASCII “delete” character. 

Query Cmd? No 
Comments 

• The serial device Delete key code is not recognized 
when sent from a GPIB controller. Such controllers usu¬ 
ally provide their own methods for editing commands. 

• The DELETE character command shares the I delI key 
label on the front panel with the DELETE file com¬ 
mand, but otherwise, these commands have no connec¬ 
tion with each other. 


Front Panel Examples 

[REFERENCE! [CAP] |T| R pH HI [H 

[ CAP 

f am 


(del! IdelI [delI IdelI 

( CRP 

I l 


□IHCDCI] 


[HP 

tttj 


The 1 del{ key was pressed four times to delete I i I”. The 
deleted characters were replaced with “ l. I I” so as to move 
the decimal point right by one place relative to the original 
entry. 

Remote Device Examples 

>RFER\REF\EF 

)■ 

The delete key was pressed four times to back up to the “F E” 
that was reversed during entry. 

References 

See “Correcting Erroneous Input - Examples” on page 2-4. 

Related Commands 

DEFINE 
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Description 

Deletes a parameter or program file in EEPROM memory. 

Syntax 

DEL ETE [BASIC. GAUGE. BAUD. BUS 

or PROGRAM] [ filename] 


Qualifiers 


BASIC 

Delete Basic parameter file(s). 

GAUGE 

Delete Gauge parameter file(s). 

BAUD 

Delete Baud parameter file(s). 

BUS 

Delete Bus parameter file(s). 

PROGRAM 

Delete Program file(s). 

None 

Delete all files of all filetypes and initialize 
the file space. 

Parameters 

filename 


This is the name of the file to be deleted. The name has only 
digits and contains no more than eight. If filename is not 
entered, then all files of the specified type will be deleted. 
The ARE YOU SURE? prompt will be shown if filename is 
not entered. You must answer YES or |YESj to this prompt if 
the operation is to complete. If you are working from the 
GPIB and are not using prompts, your reply to the RRE YOU 
SURE? prompt can be appended as YES” to your com¬ 
mand. For example, DELETE PRQGRRfl; YES. 


Front Panel Examples 

iDiRl [enter] 

Displays the following windows: 


m 



The second (jTj had no effect which shows that only two files 
exist in EEPROM memory. 

[del] [GAUGEj | ENTER | 


( RrE you 

f STJr E. 

[yes] [enter] 

Deletes all Gauge parameter files. 
[dir] [enter] 

Displays only the following window: 


Default Value None 
Parameter Set None 


bRs; c ] 


rbesiT 


Query Cmd? No 

Comments 

• If you are unsure what filenames can be deleted, issue 
the DIRECTORY command to get a list of all of them. 

• If you are unsure of the contents of a particular file, you 
can use the SHOW command to examine the contents. 

• The DELETE character command shares the |DELj key 
label on the front panel with the DELETE file com¬ 
mand, but otherwise, these commands have no connec¬ 
tion with each other. 

References 

See Chapter 3, “Parameter and Program Files” and specifi¬ 
cally “Deleting Files” on page 3-9. 

Related Commands 

DIRECTORY, RECALL, SHOW, STORE 


Now only one file exists in EEPROM memory. 

Remote Examples 

>SH0U PROGRAM 14 
fiUER 7 
SI 

>DELETE PR 14 
>SH PR 14 
FILE HOT FOUHD 

> 

This example shows that initially there is a two-line program 
in EEPROM memory. The program is then deleted. Another 
SHOW command is then not able to find a program file hav¬ 
ing a filename of “ 1 4”. 


A-14 Command Reference 


AH 2500A Capacitance Bridge 














Description 

Immediately aborts execution of any command or program. 
The bridge is left in a state that should accept a new com¬ 
mand. 

Front Panel Syntax 

[FUNC] 1CLEAR1 IFUNC] [CLEAR] 

Serial Device Syntax 

devclrchar 

The devclrchar is definable using the DEFINE command. In 
other words, you can select which key serves as the device 
clear key. 

Default Value 

Serial device syntax uses the ASCII control E ( A E) character. 

GPIB Device Syntax 

DCLor SDC universal IEEE-488.1 bus commands 

Parameters None 

Query Cmd? No 

Comments 

* The GPIB syntax that issues a Device CLear (DCL) or 
Selective Device Clear (SDC) bus command is depen¬ 
dent on the controller. Consult your controller manual 
for this syntax. 


Front Panel Examples 

IFUNCI rCLEARl [FUNC| |CLEAR| 

( dEUI lE 

rciTf^ 


I ENTER| 

( rEHdd 


The device clear function was used to abort something. The 
I ENTER | key was then pressed to get the rERdd prompt. 

Serial Device Examples 

>H0LD 0 
A E 

> 

The HOLD 0 command caused the bridge to hold for an 
external trigger pulse. The hold condition was aborted by 
entering the "" E character. 

References 

See “Device Clear Commands” on page 6-15 and “Aborting 
Command Execution” on page 7-11. 

Related Commands DEFINE 
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Description 

Lists a directory of the files stored in the EEPROM memory. 
The information consists of the file type and file number. 

Syntax 


DIRECTORY [BASIC, GAUGE, BAU D. 

BUS or EROGRAM] 


Qualifiers 

BASIC 

GAUGE 

BAUD 

BUS 

PROGRAM 

None 


List only Basic parameter files. 
List only Gauge parameter files 
List only Baud parameter files. 
List only Bus parameter files. 
List only Program files. 

List all files of all filetypes. 


Parameters None 


Query Cmd? Yes 
Comments 

* The file numbers can be as long as eight digits. 

* If no files exist, the error message “FILE NOT 
FOUND” or “29” will be reported. 


Front Panel Examples 

fpiRl [enter! 

[ bUS 


UJ 

f ProG | 

f io~ ~~~ _; 

CD 

fPvTc ] 

[~*g 


( ProO 

f~^~ 


The third PH did not reveal a fourth file. Therefore, the [D!R| 
command has revealed that there are three files in the 
EEPROM memory, one contains a bus parameter set and the 
other two are programs. This bus parameter set is number one 
which is one of the non-volatile, power-on sets. 


Remote Device Examples 


>o i 

BUS 1 

PROG 10 

PROG 22 

>DIR BUS 
BUS 1 

>DI PROGRAM 
PROG 16 

PROG 22 

> 


References 

See “Listing the File Names” on page 3-8. 

Related Commands 

DELETE file, PROGRAM, RECALL, STORE 
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Description 

Controls the format of results which are sent to serial or 
GPIB ports. Front panel results are not affected. 

Syntax 

EORMAT snip. cap. los. vlt. msg. lbl.pun.ffd 

Parameters 

snip enables sending the sample field when set. 

cap enables sending the capacitance field when set. 

los enables sending the loss field when set. 

vlt enables sending the voltage field when set. 

msg enables an error message to be sent when set, or 
an error code to be sent when clear. 

Ibl enables labels to be sent. 

pun enables IEEE-488.2 compatible punctuation 

when set. 

ffd fixes field widths when set. 

Default Value 0 . 1 . 1 . 1 . 1 . 1 . 0.1 

Parameter Set Basic 
Query Cmd? No 
Comments 

• Each of the eight required binary parameters is entered 
as either one or zero. A one enables printing of the corre¬ 
sponding field, label, message or punctuation. A zero 
disables it. 

• Labels consist of the field identifier (S—, C=, L= etc.) 
and the measurement units (PF, NS and V, for example). 
Labels in SHOW command results are affected also. 

• If ASCII error messages are enabled, errors are reported 
as messages following the result line. If ASCII error 
messages are disabled, then the result line will be pre¬ 
ceded by a two digit error code. The error code will be 
zero if there are no errors. 

• The effect of IEEE-488.2 compatible punctuation is to 
substitute commas for spaces as field separators and to 
enclose messages and other string variables in quotes. 

• When ffd is zero, no fill spaces are sent. These spaces 
keep the measurement results aligned in neat columns. 


Front Panel Examples 

Ifunc] Iformati 000[o] 
Displays the following window: 

( FarflFlk 


I ENTER] 

[ rEHdV 


The vlt parameter was set to zero, eliminating the voltage 
field. The [ENTERI key was pressed to complete the command 
and get the r E R d 9 prompt. 

I show! [fUnc] Iformat I [enterI 
Displays the following windows: 

( F arflRb 1 ( 5LLD.fIL.PF ) 

r oTmuiif I rami i.a7 


The [*] and [ff] keys are used to select which of the two 
windows is displayed. 

Remote Examples 

>SH FO 

FORMAT SHP = 8 CAP = 1 LOS-1 ULT = 0 

MSG=1 LBL=1 PUN=0 FFD= 1 

>SI 

0=10.342956 PF L=0.0064591 NS OUEM 
>F0RMRT .... 8 (Set msg to zero.) 

>3H FO 

FORMAT Sf1P = 0 CRP=1 LG3=1 ULT = 8 

M$G = 0 LBL=1 PUN = 8 FFD = 1 

>$I 

15 0=18.342958 PF L=0.0804592 NS 

> 

The FORMAT command was used to change from sending an 
error message (OMEN) at the end of the result line to reporting 
an error code (15) at the beginning. 

References 

See “REMOTE DEVICE FORMATS” on page 5-5. 

Related Commands FORMAT SPECIAL, PLACES 
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Description 

Controls the numeric notation of results which are sent to the 
serial or GPIB ports. Front panel results are not affected. 

Syntax 

FORMAT SPECIAL notation 
Parameters notation 

Specifies the type of numeric notation to be used for capaci¬ 
tance, loss, voltage and cable results. The notation parameter 
can be set to 0, 1 or 2. The notations are: 

0 Floating-point notation 

1 Scientific notation 

2 Engineering notation 

Default Value 0 (floating-point notation) 

Parameter Set Basic 
Query Cmd? No 

Comments 

• Only results are affected by this command. The notation 
of numeric values that are entered is automatically 
detected and appropriately interpreted. 


Front Panel Examples 

fFUNCl |FORMAT! |FUNC| ISPECIAL] fol [ENTER | 
Sets the notation to floating-point. 

1SHOWI 1FUNCI [format! IFUNC1 |SPECIALl |ENTERl 
Displays the following window: 


( FarllRb J 

[ SPEC" 0 H 

Remote Examples 

>F0 SP 0 
>SI 

C=843.318636 PF L=0.03721 NS 
>F0 SP 1 
>SI 

0=8.43318630E+02 PF L=3.756E-02 NS 
>F0 SP 2 
>SI 

0=843.318681E+88 PF L=37.44E-03 NS 
>3H F0 SP 
FORMflT SP H=2 

> 

The above examples show floating-point, scientific, and engi¬ 
neering notation results, respectively. 

References 

See “Numeric Notation” on page 5-8. 


Related Commands FORMAT, PLACES 
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Description 

Execution of this command causes the bridge to do nothing 
further for either a specified period of time or until an exter¬ 
nal trigger pulse is received. 

Syntax 

HOLD delay 

Parameters delay (Floating Point) 

This parameter is the delay time until the bridge is to execute 
the next command. The maximum delay time is 99,999,999 
seconds. If this parameter is entered as a zero, then the bridge 
will wait indefinitely until an external trigger pulse is 
received. The delay may be entered to the nearest tenth of a 
second. 

Default Value None 
Parameter Set None 
Query Cmd? No 

Comments 

• Once this command is executed, it can only complete 
normally or be aborted with a DEVICE CLEAR com¬ 
mand. 

• This command and particularly its delay feature are 
mainly useful with the PROGRAM commands. 

• Additional commands may be entered following the 
HOLD command, but they will not be executed until the 
HOLD command finishes. 

• The HOLD 0 command is the only command that 
responds to external trigger pulses. 

• When the HOLD command is active, the word “HDL cf” 
will usually be displayed on the front panel followed by 
the remaining delay time, if any was entered. The excep¬ 
tion occurs when the HOLD command immediately fol¬ 
lows a query command within a program. In this case, 
the front panel display continues to show the result pro¬ 
duced by the query command instead. This allows the 
HOLD command to control the length of time that 
resul ts generated by programs are displayed. 


Front Panel Examples 

IFUNC1 [HOLD I fT] m I ENTER] 

( HQLd 

( MI 


The HOLD command begins executing immediately after 
being entered. The time remaining is shown on the display as 
29.2 seconds. 

Remote Examples 

>H0 58 
>51;31 

C=28843.316E+80 PF L=537,43E~83 MS 
C=28843.317E+00 PF L=537.44E-03 NS 

> 

In the above example, the HOLD command specified a delay 
time of 50 seconds before executing the next command line. 
During the delay, no prompt appears and no commands other 
than a DEVICE CLEAR will produce an immediate 
response. The two SINGLE commands were entered before 
the delay time expired and thus were not echoed to the serial, 
port as they were entered. They were echoed and began exe¬ 
cuting the moment the delay time expired. 

>HG 50 

>51 

>51 

028843.315E+80 PF L=537.43E-83 NS 

> 

This second example is almost identical to the first, but only 
one measurement resul t is produced instead of two even 
though two SINGLE commands were entered. Since SIN¬ 
GLE is a query command, the second command interrupted 
and aborted the first. 

>HQ 8 j SI 

>028843.317E+00 PF L = 537.44E-03 N5 

> 

In this third example, the HOLD command specified that an 
external trigger must occur before continuing. A single mea¬ 
surement was taken as soon as a trigger pulse occurred. Until 
the occurrence of a trigger pulse, no prompt would appear, 
but any subsequent command entry would abort the HOLD 
command. This would occur since the presence of the SI 
command makes the line a query command line. 

References 

See “TIMING IN PROGRAMS” on page 3-13 and “Initiat¬ 
ing with an External Trigger Signal” on page 4-4. 

Related Commands PROGRAM, HOLD SPECIAL 
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Description 

This command determines what happens to external trigger 
pulses that arrive when no HOLD 0 command has been exe¬ 
cuted to receive them. This command allows such pulses to 
be buffered or to report an error. Execution of this command 
clears the trigger buffer. 

Syntax 

HOLD SPECIAL trigbuf 
Parameters trigbuf 

This causes external trigger pulses to be buffered as they 
come in if trigbuf is set to a I. 

Default Value 1 (Buffer the pulses) 

Parameter Set Basic 
Query Cmd? No 

Comments 

* With trigbuf set to one, the trigger buffer can hold up to 
255 unprocessed trigger events. Any trigger pulses that 
occur which would cause this number to overflow are 
ignored. 

# With trigbuf set to zero, any unexpected trigger pulses 
that are recei ved will be reported as an “E” error as part 
of the next measurement result. This will appear in the 
upper right comer of the front panel display. This error is 
not possible with trigbuf set to one. This error event can 
be detected only by taking a measurement. 

• The SHOW command only reports the parameter asso¬ 
ciated with the HOLD SPECIAL command, not the one 
associated with the HOLD command. 


Front Panel Examples 

jFUNCl iHOLDj iFUNCj [SPECIAL! f0~| |ENTER| 

Set the trigbuf parameter to zero to di sable trigger buffering. 
[SHOWl iFUNCl [HOLD] jFUNCl |SPEC1AL| |ENTER| 

[ HOId buF 1 

r o ; 

Use the SHOW command to see that the trigbuf parameter is 
zero. 

[SINGLE! (Take a measurement and show in window below.) 

1 35 153 IE£ | 

( SoFTih ~ j 

Note that an “E ” is shown in the upper right comer of the dis¬ 
play indicating that an unexpected external trigger pulse was 
received. 

Remote Examples 

>H0 SP 1 
>3H HO SP 

HOLD SPEC TRIGBUF=1 

References 

See “Handling Unexpected Trigger Pulses” on page 3-14. 

Related Commands HOLD 
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Description 

When executed from the front panel, this command returns 
the bridge to the Local state if it was in either the GPIB or 
Serial Remote states. It is used to allow commands to be 
entered from the front panel. 

Front Panel Syntax 


Front Panel Examples 

If the REMOTE indicator is on, pressing the jLOCALl key will 
either cause the indicator to extinguish or the message below 
will appear: 



Serial Device Syntax 

LOCAL 

Parameters 

No parameters are entered. This command resets the parame¬ 
ter associated with the NREMOTE command. 

Default Value 0 (Local) 

Parameter Set Baud 

Query Cmd? No 

Comments 

* While in the Local state, commands may be entered 
from the front panel or either remote port. 

* The REMOTE indicator LED is not illuminated when 
the bridge is in the Local state. 

* The I LOCAL 1 front panel key will have no effect if either 
the GPIB or serial remote devices has put the bridge into 
a Remote With Lockout state. 

* The LOCAL command should not be issued to the 
bridge from a GPIB controller since such controllers 
have their own set of commands for such functions. The 
GPIB controller command may have the same spelling 
but its command would be issued to the controller, not to 
the bridge. The controller should have a command that 
allows it to issue a GTL (Go To Local) bus command to 
change the bridge from the GPIB Remote state to the 
GPIB Local state. 

* Issuing the LOCAL command from the serial port only 
reverses the effects of an NR EMOTE command issued 
from the serial port. The LOCAL command, when issued 
from the GPIB port, will have no effect on Remote states 
created by the Serial port or by the GPIB port. 


This message means that the front panel cannot be operated 
until the remote device unlocks it. 

Serial Remote Examples 

> H R E M (Enter Remote state) 

>SH NREM 

NREMOTE 3TRTE=1 

> L 0 C (Exit Remote state) 

>SH MREn 

NREflOTE 3TRTE = 0 

y 

The LOCAL command reversed the effect of the NRE¬ 
MOTE command. The SHOW command reports the effects 
of the LOCAL command on the Nremote command parame¬ 
ter. 

References 

See “STATES AND INDICATORS” on page 6-2 and “LIM¬ 
ITING FRONT PANEL ACCESS” on page 7-11. 

Related Commands NLOCKOUT, NREMOTE 
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Description 

This command allows the selection of what front panel initi¬ 
ated commands and results are to be logged to the GPIB and/ 
or serial ports. 

Syntax 

LOG GER ( BAU D or BUS) content 
Qualifiers 

BAUD The content parameter will affect data 

logged to the serial port only. 

BUS The content parameter will affect data 

logged to the GPIB port only. 

Parameters content 

Specifies what information is logged to a remote port accord¬ 
ing to the table below. 


Table A-3 Content parameter values 


Content 

Messages sent to logger 

0 

None (logging is disabled) 

1 

Measurement results only 

2 

All results 

3 

All commands and all results 


Front Panel Examples 

[func] [logger] Ifunc] [baud] m I ENTER] 

This causes all results to be logged to the serial port. 
[SHOW] [FUNC I I LOGGER | [ENTER | 

(J.QG bflUd ] 

( [on Vnh i? 

m 

(LOGbUS1 
f C o n t n t I | 


Remote Device Examples 

>L0G BU 1 (Enable logging of measurement 

results only to the GPIB port.) 
>L0G BA 8 (Stop logging to the serial port.) 

>SH LOG 

LOG BAUD CONTENT=0 

LOG BUS CONTENT*1 


References 

See “GPIB DATA LOGGING” on page 6-15 and “SERIAL 
DATALOGGING” on page 7-13. 


Default Values Baud: 0, Bus: l Related Commands BUS 

All logging disabled to the serial port; logging enabled to the 
GPIB port of measurement results only. 


Parameter Set Baud, Bus 
Query Cmd? No 
Comments 

• “Measurement results only” (content= 1) refers to log¬ 
ging only the sample number, capacitance, loss and volt¬ 
age values and error messages. 

• “All results” (content- 2) refers to measurement, calibra¬ 
tion and test, results and also results from the DIREC¬ 
TORY command and all versions of the SHOW 
command. 

• “All commands and results” (content- 3) refers to all 
results logged with content-2. In addition, commands 
entered from the front panel are themselves logged. 

• Logging to the GPIB channel can be done by connecting 
a “listen only” device. This requires that the AH 2500A 
be placed in the “talk only” state using the BUS com¬ 
mand. 
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Description 

Prevents the front panel | LOCAL! key from changing the 
bridge from a Serial Remote State to a Serial Local State. 

Syntax 

NLOCKOUT 

or 

NLOCKOUT HALT 

Qualifiers 

If HALT is not entered, the bridge will enter the Serial Local 
State with Lockout or the Serial Remote State with Lockout. 
If HALT is entered, the bridge will enter the Serial Local 
State or the Serial Remote State. 

Parameters 

No parameters are entered. However, the SHOW BAUD and 
SHOW NLOCKOUT commands will report a one if the 
NLOCKOUT command has been executed and a zero if the 
NLOCKOUT HALT command was executed. 

Default Value 0 (not locked out) 

Parameter Set Baud 
Query Cmd? No 
Comments 

• This command is intended to be issued only from a 
remote serial device. It is not available from the front 
panel and has no effect from the GPIB port. 

• When in the Remote Serial State, this command causes 
all front panel keys to be ignored until a LOCAL or 
NLOCKOUT HALT command is issued from the con¬ 
trolling serial device. 

• The NLOCKOUT command should not be issued to the 
bridge from a GPIB controller since such controllers 
have their own set of commands for such functions. The 
GPIB controller command may have similar spelling but 
its command would be issued to the controller, not to the 
bridge. 


Front Panel Examples 

The NLOCKOUT command is not available from the front 
panel. It can, however, be shown from the front panel. Enter 
the key sequence: 

| SHOWj [FUNCl [BAUD! 1 ENTER I |~*~| 

and get: 



nLocau 

t 



f SLRtE 

D 


Serial Remote Examples 



>SH NREfl;SH 

NLOC 

(Start with Local state. 

NREflOTE 

STRTE=0 

front panel is fully 

NLOCKOUT 

STRTE=0 

operable.) 

> H R E11 


(Enter Remote state. 

>SH NREfl; SH 

NLOC 

front panel except 

NREHQTE 

STRTE=1 

| LOCAL| key is 

NLOCKOUT 

STRTE=0 

inoperable.) 

> N L 0 C 


(Enter Remote With 

>SH NR;3H NL 


Lockout state, front 

NREflOTE 

5TRTE=! 

panel and (LOCAL) key 

NLOCKOUT 

3TBTE=1 

are inoperable.) 

>L0CRL 


(Enter Local With 

>SH NR;SH NL 


Lockout state, front 

NREflOTE 

STfiTE=0 

panel 

is fully operable.) 

NLOCKOUT 

STATE®1 



>NRE 


(Enter Remote Wi th 

>SH MR;SH NL 


Lockout state, front 

NREflOTE 

STATE=1 

panel and | LOCAL j key 

NLOCKOUT 

3TATE=1 

are again inoperable.) 

>LQC j NLOC HALT 

(Enter Local state, 

>SH NR;SH NL 


front panel is fully 

NREflOTE 

STRTE=0 

operable.) 

NLOCKOUT 

STRTE=0 




> 

The above examples demonstrate all combinations of the 
Serial Remote and Serial Lockout states. 

References 

See “LIMITING FRONT PANEL ACCESS” on page 7-11 
and specifically “Setting the Serial Lockout States” on 
page 7-12 and “Clearing the Serial Lockout States” on 
page 7-12. 

Related Commands LOCAL, NREMOTE 
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Description 

Places the bridge in the Serial Remote State. This state dis¬ 
ables all front panel keys except the ILOCALI key. The i local! 
key is also disabled if the NLOCKOUT command has been 
issued. 

Syntax 

NREMOTE 

Parameters 

No parameters are entered. However, the SHOW BAUD and 
SHOW NREMOTE commands will report a one if this com¬ 
mand has been executed and a zero if the LOCAL command 
was executed. 

Default Value 0 (Local) 

Parameter Set Baud 
Query Cmd? No 
Comments 

* This command is intended to be issued only from a 
remote serial device. It is not available from the front 
panel and has no effect from the GPIB port. 

• The REMOTE indicator LED is illuminated when the 
bridge is in the Serial Remote State. 

* This command causes front panel keys to be ignored 
until the I LOCAL] front panel, key is pressed (if lockout is 
not in effect) or until a LOCAL command is issued from 
the controlling serial device. 

• The NREMOTE command should not be issued to the 
bridge from a GPIB controller since such controllers 
have their own set of commands for such functions. The 
GPIB controller command may have similar spelling but 
its command would be issued to the controller, not to the 
bridge. 


Front Panel Examples 

The NREMOTE command is not available from the front 
panel. 

Serial Remote Examples 

> N R E fl (Enter Remote state) 

>SH NREfl 

NREMOTE STRTE=1 

> L 0 C R (Exit Remote state) 

>SH NREM 

NREMOTE STRTE=0 

> 

The SHOW command reports the effects of the NREMOTE 
command on its parameter. 

References 

See "LIMITING FRONT PANEL ACCESS” on page 7-11 
and specifically “Selecting the Serial Remote States” on 
page 7-12. 

Related Commands LOCAL, NLOCKOUT 
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Description 

Controls the number of significant digits reported for capaci- 


tance and/or loss measurements to the front panel and remote 
devices. 

Syntax 

ELACES [CAP or LOSS] digits 

Qualifiers 


CAP 

The digits parameter will apply to capaci¬ 
tance results only. 

LOSS 

The digits parameter will apply to loss 
results only. 

None 

The digits parameter will apply to both 
capacitance and loss results. 


Parameters digits 

The number of significant digits (from 1 to 9) reported for 
capacitance and/or loss. 

Default Value 9,9 

(Maximum number of significant digits for both capacitance 
and loss.) 

Parameter Set Basic 

Query Cmd? No 

Comments 

• The AH 2500A reports measurement values so that all 
digits displayed are meaningful or significant. The digits 
parameter can cause the bridge to round the result to a 
lower number of significant digits, but cannot cause it to 
display more digits than are meaningful. 


Front Panel Examples 

IFUNC1 |PLACES| [Tj [ENTER| 

Sets the number of significant places to three. 

ISHOWI |FUNC| [PLACESI [ENTERl 
Displays the following window: 

( Pieces H 

rrm i 


I ENTER | 

1 SINGLE | 


( S '-13. 

( QD313 


IfuncI [places] [CAP] f~5 | [ENTER| 

Sets the number of significant capacitance places to five. 

[SINGLE! 

1 8 H3.Sl 3 ] 

( 0.0313 1 


Remote Examples 

>3H PL 

PLACES C-9 L=9 

>SI 

C = 843.318636 PF L=0,03721 NS 
>PL C 6 
>SH PL 

PLACES C=6 L=9 

>31 

C=843.318 PF L=0.03721 NS 

> 

The above examples show the effects of changing the capaci¬ 
tance places from nine to six. Notice that the setting of the 
number of places is not the limiting factor for the loss result 
since only four places are shown. 

References 

See “SIGNIFICANT DIGITS” on page 5-1 and specifically 
“Setting a Limit on the Significant Digits” on page 5-1. 

Related Commands 
FORMAT, FORMAT SPECIAL 
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Description 

This command is used to create a program. 

Syntax 

PROGRAM CREATE 

blank line ends entry 

A program is created by first issuing this command. The 
command lines of the program are entered next. When all the 
lines of the program have been entered, program entry is ter¬ 
minated by entering a blank program line. 

Parameters None 

Query Cmd? No 

Comments 

• The commands below are not allowed in programs: 

DELETE 

DELETE PROGRAM 
PROGRAM CREATE 
RECALL PROGRAM 
STORE PROGRAM 

• Programs can call subprograms to a nesting depth of 
eight. 

• Individual programs cannot be edited. However, a pro¬ 
gram can contain many short subprograms, each of 
which is easy to delete and re-create. 

• There are no conditional commands for programs to use. 

• No form of the STORE command is allowed in a pro¬ 
gram that repeats. 


Front Panel Examples 

| FUNC| jPROGRAMl [FUNC| [CREATE] [ENTER 


frEBdq Pr 


[UNITS! [T1 [ENTER] 

1 FUNC] |HOLD] m fENTERl 
[SINGLE! [ENTER| 

| ENTER) (Terminate program entry.) 


r E tid'd 


This program sets units to 2 (dissipation factor), waits for an 
external trigger pulse to occur and then takes a single mea¬ 
surement. 

Remote Examples 

>PR0GRFH1 CREATE 
"RUERAGE 7 
"HOLD 900 
"SINGLE 
"ZERO SINGLE 
"ZERO 
"HOLD 180 
"SINGLE 
n 


References 

See “WORKING WITH PROGRAMS” on page 3-10 and 
specifically “Creating Programs” on page 3-10. 

Related Commands ( 

PROGRAM execute, RECALL PROGRAM, 

SHOW PROGRAM, STORE PROGRAM, TRG 
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Description 

Executes programs in single-step, non-stop and repetitive 
modes. 

Syntax 

PROGRAM [filename] [SINGLE] 

[CONTINUOUS interval] [REPEAT [count]] 

Qualifiers 

None 

Execute the specified program once. 

SINGLE 

Inclusion of this qualifier causes the program to stop on every 
occurrence of a query result. Pressing the I STEP I key on the 
front panel keypad will cause the program to continue. 

CONTINUOUS 

This qualifier causes the number following it to be inter¬ 
preted as the interval parameter. 

REPEAT 

Including this qualifier causes the program to be executed 
repetitively. 

Parameters 

filename 

is the name of the file to be executed. If filename is not 
entered, the current program will be executed. 

interval (Floating Point) 

specifies the time interval between initiation of execution of 
contained query commands and/or subprograms. The time 
interval is issued in seconds to the nearest tenth. The maxi¬ 
mum value is 99,999,999 seconds. 

count 

is the number of times the program is to be executed. If count 
is not entered, the program will be executed repeatedly until 
aborted by a DEVICE CLEAR command or query interrupt. 

Query Cmd? 

A program is considered to be a query command and is there¬ 
fore query interruptible if it or any of its subprograms contain 
a query command. 

Default Value None 

References 

See “WORKING WITH PROGRAMS” on page 3-10 and 
specifically “Executing Programs” on page 3-12. 

Related Commands 

DIRECTORY, PROGRAM CREATE, 

SHOW PROGRAM, TRG 


Front Panel Examples 



This program takes a single measurement every time an 
external trigger pulse occurs. 

Remote Examples 

>SH014 PROGRfin 40 
SINGLE 
ZERO SINGLE 
ZERO 

PROGRRH 58 REPERT 2 
>SH0U PROGRRH 50 
SRMPLE 1 
SINGLE 
SAMPLE 2 
SINGLE 
>PFiOGRflri 40 


5* 

3 

C = 

12.149284 

PF 

L = 

0. 

0080005 

DS 

S = 

3 

C = 

0,0000000 

ZPF 

L = 

0 

. 0000008 

ZDS 

S = 

1 

c- 

900,64128 

ZPF 

L = 

0 

.0000055 

ZDS 

5* 

2 

C“ 

781.33979 

ZPF 

L- 

0 

.0000029 

ZDS 

3 = 

1 

c= 

900.64142 

ZPF 

L- 

0 

.0000054 

ZDS 

5- 

2 

c= 

781.33981 

ZPF 

L = 

0 

,0000032 

ZDS 


> 

In the example above, program 48 is executed once. It calls 
program 50 and executes it twice. A zero value is taken from 
sample 3 and used to correct readings from samples 1 and 2. 

Comments 

• An executing program is indicated by a flashing of the 
current units LED indicator. 

* Any version of this command can be included in a pro¬ 
gram. Programs can call subprograms to a nesting depth 
of eight. The parameter settings entered with this com¬ 
mand are not passed through to subprograms. Subpro¬ 
grams will use their own execution parameters. 
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Description 

Causes the bridge to execute a single measurement by press¬ 
ing only one key on the keyboard of a remote serial device. If 
continuous readings were being taken, then the Q command 
aborts them after taking another measurement. 

Syntax Q (no RETURN key is used) 

Parameters None 

Query Cmd? Yes 

Comments 

• The Q command is not equivalent to the TRG or GPIB 
GET commands. 

• The Q command is shortened from “Question”. 

• The Q command produces exactly the same result as the 
SINGLE command but is more convenient to use from 
the serial port than the SINGLE command. 

• This command will only work in an AH 2500A program 
if it is not the first character. A space can precede it if 
you desire to enter it by itself on a program line. 


Front Panel Examples 

The | SINGLE | key is used on the front panel instead of Q. 

Serial Remote Examples 

>51 


0843.31 

>51 

8636 

PF 

L=0.03721 

NS 

0843.31 

8642 

PF 

L =0 ,03722 

NS 

>0843.31 

864? 

PF 

L-0.83734 

NS 

>0843.31 

8652 

PF 

L=0.03715 

NS 

>0843.31 

8661 

PF 

L“0.03721 

NS 


> 

The last three measurement results above were initiated with 
the Q command. Notice that the command was not echoed. 
Unlike the SINGLE commands further above, the G com¬ 
mand also did not cause any wasteful, nearly blank lines to 
be printed. 

References 

See “Taking Measurements One at a Time” on page 4-4. 

Related Commands CONTINUOUS, SINGLE, TRG 
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Description 

Recalls previously stored parameter and program files into 
current, executable RAM memory. 


Syntax 

RECALL (BASIC. GAUGE, BAU D. BLJS 

or PROGRAM! filename 


Qualifiers 


BASIC 

Recall a file containing Basic parameters. 

GAUGE 

Recall a file containing Gauge parameters. 

BAUD 

Recall a file containing Baud parameters. 

BUS 

Recall a file containing Bus parameters. 

PROGRAM 

Recall a file containing a program. 

Parameters filename 

This is the name of the file to be recalled. The name has only 
digits and contains no more than eight. 

Default Value 

None 

Parameter Set None 

Query Cmd? 

No 


Comments 

• Recalling one of the parameter files (BASIC, GAUGE, 
BAUD or BUS) causes the parameters in that file to cop¬ 
ied to the current parameters. This allows the copied 
parameters to be edited. 

• Unlike parameter files, the only purpose in recalling a 
program file is to store it under a different filename. 
There is no way to edit a program file. Such files can 
only be created and deleted. 

• If you are unsure what filenames are available for recall, 
use the DIRECTORY command to get a list of all that 
have been stored. 

• If you are unsure of the contents of a particular file, you 
can use the SHOW command to examine the contents. 

• In addition to the filenames listed by the DIRECTORY 
command, a filename of “0” exists in ROM for each of 
the four parameter file types. 


Front Panel Examples 

[SHOW] iFUNCl 1PLACESI |ENTER| 
Displays the following window: 


PLACES 


IENTERI 

[FUNC] [RECALLl |BASIC| |~0~| jENTERl 

Recalls the BASIC 0 parameter file which includes the Places 

parameters. 

|SHOW| IFUNCl IPLACESj |ENTER| 

Displays the following window showing that the Places 
parameters have been replaced with those from the BASIC 0 
parameter file: 


[ P LACES 
( E9 L 9 


Remote Examples 

>SH0U PROGRAM 
>RECfiLL PROGRAM 8 
>SH PR 
RUERRGE 8 
SI 

The above example shows that initially there is no program 
in RAM. Program 8 is then recalled and a second SHOW 
command reveals that the contents of program 8 are in RAM 
memory. 

References 

See Chapter 3, “Parameter and Program Files” and specifi¬ 
cally “Using the Contents of a Parameter File” on page 3-9. 

Related Commands 

DIRECTORY, SHOW, STORE 
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Description 

Changes bridge mode between “Absolute result mode” and 
“Reference result mode”. Reference result mode reports 
deviation results as simple or percent differences referenced 
to capacitance or loss values of your choice. 

Syntax 

REFERENCE [CAP or LOSS] 

or 

REF ERENCE HALT 

The first form of the command enables Reference result 
mode and the second form disables it. 


Front Panel Examples 

[SINGLE! (Take measurement in window below.) 


( i iHsa^cs ] 

( 0.00 33 5 

IREFERENCEl jSINGLEl [enter! (Get measured values.) 
[REFERENCE] lENTERj (Show the differences.) 

(. 000.00000 ) 

r0.000DO " 1 


1 SINGLE 1 (Show new measurement results below.) 


Qualifiers 

CAP 

LOSS 


None 

Parameters 

No parameters are entered. However, the SHOW REFER¬ 
ENCE command will show a one on the REF ON line if 
Reference result mode is in effect and a zero if not. This is 
shown independently for both capacitance and loss fields. 

Default Value 0, 0 (Absolute result mode for both 

capacitance and loss.) 

Parameter Set Gauge 
Query Cmd? Yes 
Comments 

* Enabling Reference result mode is a separate operation 
from entering the Reference value(s). 

• Reference capacitance and loss can be entered (and 
stored) and not be enabled. Enabling Reference result 
mode later will then automatically report the difference 
of the measured value(s) from the Reference value(s). 

* When any form of the REFERENCE enable command 
is issued it will re-display the last measurement taken 
with the new Reference settings in effect. 

• This command operates similarly to the ZERO enable 
command. 


Causes Reference result mode to apply to 
capacitance results. The loss result mode is 
not affected. 

Causes Reference result mode to apply to 
loss results. The capacitance result mode is 
not affected. 

Causes Reference result mode to apply to 
both capacitance and loss results. 


f -O-uDDDHS 
( 0.000 I H 


This shows the changes between the [SINGLE| measurements. 


Remote Examples 


>REF CAP 780 
>REF LOSS 0,828 
>31 

C= 734,498 
>REF CAP 
C- 34,4985 
>REF LOSS 
C- 34,4985 
>REF HALT 
C= 734,498 
>31 

C= 734.498 

> 


PF 

L = 

0, 

02824 

NS 

RPF 

L- 

0, 

02024 

NS 

RPF 

L = 

0 , 

,88024 

RNS 

PF 

L = 

0 , 

02824 

H3 

PF 

L = 

0. 

, 02873 

NS 


Reference values were manually entered and a measurement 
taken. Reference mode was first enabled for capacitance, 
then loss was included. The results of these changes were 
automatically reported after each change. Reference mode 
was then exited causing the same result to be reported as for 
the original measurement. The result is exactly the same 
since no new measurement was taken.The actual measure¬ 
ment which follows shows small changes due to noise. 


References 

See “Reference Result Mode” on page 5-2 and specifically 
“Enabling Reference Result Mode” on page 5-3 and “Dis¬ 
abling Reference Result Mode” on page 5-3. 


Related Commands 

REFERENCE FORMAT, REFERENCE value, ZERO 
value and ZERO enable. 
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Description 

Selects whether Reference result mode reports simple differ¬ 
ences or percent differences. 

Syntax 

REFERENCE FORMAT [CAP or LOSS] percent 

Qualifiers 

CAP Causes the percent parameter which is 

entered to apply only to the capacitance 
field. 

LOSS Causes the percent parameter which is 

entered to apply only to the loss field. 

None Causes the percent parameter which is 

entered to apply to both the capacitance 
and loss fields. 


Parameters percent 

Percent differences are reported when percent is a one. Sim¬ 
ple differences are reported when percent is a zero. 


Front Panel Examples 

| SINGLE 1 

IREFERENCE1 [SINGLEl ]ENTER| (Get measured values.) 
|REFERENCE] 1FUNC1 IFORMAT] [CAP] fT| |ENTER| 
IREFERENCEI 1 ENTER] 

Enable Reference mode tor both and re-display the results. 

(oonoaoQQ ] 

f 0.00000 


I SINGLE | (b 0 5 y is displayed until measurement finishes.) 

( busy Prc .' j 

I rEF 


[ - 0.000001 | . 

rtornTy | 

The bU5y display shows the result mode indicators. 


Default Value 0,0 (Simple differences for both 

capacitance and loss.) 

Parameter Set Gauge 
Query Cmd? No 
Comments 

• Percent format causes the Reference value to first be 
subtracted from each measurement. The difference is 
then divided by the Reference value and multiplied by 
100. The calculation always starts with the current units, 
but the final result is dimensionless, of course. 

• The effects of the REFERENCE FORMAT command 
can be observed by issuing the REFERENCE com¬ 
mand. This will report the current measurement results 
in the current differences format. 

• Results reported as percentages have special labeling on 
both the front panel display and remote devices. 

• Selecting simple versus percent differences is a separate 
operation from enabling Reference result mode and from 
entering the Reference value(s). 

• The kind of differences to report for capacitance and loss 
can be entered (and stored) and not be enabled. Enabling 
Reference result mode later will then automatically 
report the desired kind of differences of the measured 
value(s) from the Reference value(s). 


Remote Examples 

>REF CAP ?08 
>REF LOSS 0.828 
>31 


C= 734.498542 

PF 

L- 0,02824 NS 


>REF 

C= 34.498542 

RF’F 

L= 0,00024 RNS 


>REF FOR 1 


(Change the differences 

format.) 

>REF 


(Show the effects of the 

change.) 

C= 4.6968837 

%FF 

L= 0.85 &HS 


>SI 

C= 4.6969147 

%FF 

L= 0.83 %HS 



> 

Reference values were manually entered and a measurement 
taken. Reference mode was enabled and reported the simple 
differences between the entered and measured values. The 
difference format was then changed to percent. Issuing the 
REFERENCE command again reported new results. The 
unit labels indicate which modes are active for each line. 
Finally, a new measurement was taken with percent differ¬ 
ences still enabled. 

References 

See “Reference Result Mode” on page 5-2 and specifically 
“Selecting Reference Percent Format” on page 5-3 and “Indi¬ 
cation of Reference Result Mode” on page 5-3. 

Related Commands 

REFERENCE enable, REFERENCE value , ZERO 
value and ZERO enable. 
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Description 

Provides manual and automatic ways to enter capacitance 
and/or loss Reference values. 

Syntax 


REFERENCE (CAP or LOSS) revalue 

is used to enter Reference values manually, or 

REFERENCE [CAP or LOSS] SINGLE 

uses the last-measured capacitance and/or loss values as Ref¬ 
erence values. These last-measured values are taken after any 
possible Zero corrections are applied. 


Qualifiers 

CAP 

LOSS 


None 


Causes the value entered as refvalue or the 
last capacitance value measured to be used 
as the capacitance Reference. 

Causes the value entered as refvalue or the 
last loss value measured to be used as the 
loss Reference. 

Causes both of the last-measured capaci¬ 
tance and loss values to be used as Refer¬ 
ence values. This is only true for the 
REFERENCE SINGLE command; enter¬ 
ing a refvalue requires a CAP or LOSS 
qualifier. 


Parameters refvalue (Floating Point) 

This is the value of the capacitance or loss to be used as a 
Reference. The value is assumed to be entered in the current 
units. The maximum value that can be entered in any units is 
99,999,999. 


Default Value 0, 0 

(Reference values for capacitance and loss are both zero.) 

Parameter Set Gauge 
Query Cmd? No 
Comments 

• Entering the. Reference value(s) is a separate operation 
from actually using them by enabling Reference result 
mode. This makes it easier to enter and exit Reference 
result mode. 

• This command is similar to the ZERO value command. 


Front Panel Examples 

IFUNC] |RECALL| [GAUGE! [~0~1 |ENTER) 

[SINGLE] (Takes measurement in window below.) 


! 1 tHSDSDB 

; 


( D.DP9E5 



[reference] [single] | ENTER I 

(Get measured values.) 

[REFERENCE! |CAP| |ENTER| 

Enable Reference result mode for capacitance only. 

( DD0.D0DDG 


D.00000 


[SHOW] | REFERENCE| [ENTER! 

(Show the effects.) 

| 1 14.50300 j f 

rEF 


[ 0.03335 j [ 

SOE9E5 ) 


E 


CE 


[ rEF 

FrOt ) 

( r n 
| L U 

i n ] 

LU J 


[ rEF 

an 

j r t 

I <- i 

LD 1 


This example shows all the front panel Reference windows. 

Remote Examples 

>FiECflLL GRUGE 8 (Initialize Reference parameters.) 
>REF CAP 708 
>REF LOSS 0.83 
>SH REF 

REFERENCE 0=780.00000 PF L=8.8300088 NS 
REF FORflfiT C = 8 L = 0 
REF ON C=6 L=8 

> 

The capacitance and loss Reference values were manually 
entered. All the Reference parameters were then reported. 

References 

See “Reference Result Mode” on page 5-2 and specifically 
“Entering Reference Values Manually” on page 5-2 and 
“Entering Reference Values Automatically” on page 5-3. 


* The bridge performs all Reference calculations after per- Related Commands 
forming any Zero calculations that might be enabled. REFERENCE enable, REFERENCE FORMAT, ZERO 

value and ZERO enable. 
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Description 

Causes the bridge to reset. 

Syntax 


Parameters None 

Query Cmd? No 

Comments 

• The effect of this AH 2500A command is to put. ail 
higher control sections of the bridge except for the serial 
and GPIB interfaces into the same state as at power-on. 

• Bridge parameters in the Basic and Gauge parameter sets 
are set to their power-on values as contained in the 
parameter sets numbered zero or one. Parameters in the 
current Bus and Baud parameter sets are not initialized. 

• The GPIB PON status bit is not set when this command 
is executed. 

• The RST command produces exactly the same result as 
the SPECIAL HALT command. 

• The power-on program does not execute in response to 
the RST command. 


Front Panel Examples 

This command is not available in this syntax from the front 
panel. However, execution of this command from remote 
devices will show the front panel message below: 



Remote Device Examples 

>3H BBS IC 

BRIGHTNESS 05 L=5 

FORMAT 3 M P = 1 CAP=1 L0S = 1 ULT=1 

MSG=1 LBL = 1 PIJN = 0 FFD =1 
FRMT SPEC N=0 

HOLD SPEC TRIGBUF=1 

PLACES C=8 L=9 

SAMPLE NUMBER-81 

SAMPLE HLD TIME= 0.18 SEC 

TEST FRMT HOC-0 RPR=2 

UNITS L= 1 

>RST 

>3H BASIC 

BRIGHTNESS 05 L=5 

FORMAT SMP=0 CAP=1 LOS-1 ULT“1 

MSG-1 LBL-1 PUN-0 FFD-1 
FRMT SPEC N=0 

HOLD SPEC TRIGBUF-1 

PLACES C-9 L=9 

SAMPLE NUMBER-01 

SAMPLE HLD TIME- 0.00 SEC 

TEST FRMT HOC-1 RPR=2 

UNITS L=1 

> 

The contents of the current Basic parameter set is shown 
before and after execution of the RST command. This com¬ 
mand resets the parameters to their default values. 

References 

See “INITIALIZING THE BRIDGE” on page 6-14 and spe¬ 
cifically “The RST Command” on page 6-15. 

Related Commands 

DEVICE CLEAR, SPECIAL HALT 
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Front Panel Examples 


Description 

Selects which external unknown sample to measure. Oper¬ 
ates only in conjunction with the sample switch port. 

Syntax 

SAMPLE number 

Parameters number 

This specifies the number of the sample to be measured. It 
can have any value from 1 to 64. However, values of this 
parameter larger than eight will cause all sample switch data 
lines to be false. Values from one to eight will cause one of 
the eight sample switch data lines to be true. The number of 
the selected sample switch data line is one less than the value 
of the number parameter. 

Default Value l 

Parameter Set Basic 
Query Cmd? No 

Comments 

* With an external sample switch, this command provides 
for unattended measurements of multiple unknown sam¬ 
ples. The PROGRAM commands of the bridge com¬ 
bined with a logging device can do this. Alternatively, a 
remote GPIB or serial controller can also work. 

* The control lines provided on the sample switch port are 
intended for controlling sample switches. However, a 
custom, designed interface could be created to control 
many other simple devices. 

• The operation of the SAMPLE HOLD command should 
be understood if only to insure that its delay time has not 
been left set to a needlessly large value. 

• This command will be accepted in place of a STEP or X 
command in response to a prompt from a TEST or CAL¬ 
IBRATE 3 command. 



Remote Device Examples 

>SA 1 (Select sample number 1.) 

>31 

S= 1 C= 734.498542 PF L- 0.02824 DS 
>SR 2 (Select sample number 2.) 

>51 

S = 2 C= 900.64128 PF L= 0.0000055 DS 
>Sfi 3 (Select sample number 3.) 

>51 

5= 3 C- 781.33981 PF L* 0.0000032 DS 
>5 FI 4 (Select sample number 4.) 

>31 

3- 4 O 440.18854 PF L= 0.0008062 DS 
>SH SFt 

SAMPLE NUMBER* 4 

> 

This is an example of the most common usage of the SAM¬ 
PLE command where four samples are measured in 
sequence. 

References 

See Appendix D, “Sample Switch Port” and specifically 
“Selecting a Sample Switch Position” on page D-1. 

Related Commands 

PROGRAM, SAMPLE HOLD, STEP, X 
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Description 

Specifies a time delay that automatically occurs after each 
execution of the SAMPLE command. This provides a set¬ 
tling time for sample switch relays to stabilize after being 
switched. 

Syntax 

SAMPLE HOLD delay 

Parameters delay (Floating Point) 

This delay parameter is entered in seconds to the nearest hun¬ 
dredth. 

Default Value 0.0 
Parameter Set Basic 
Query Cmd? No 

Comments 

• The delay time specified by this command occurs as a 
part of the SAMPLE command. That command will not 
finish until the delay time has expired. This holds off any 
further operations. 

• The delay time occurs every time the SAMPLE com¬ 
mand is executed and is therefore the same no matter 
what sample number has been selected. If some samples 
require a longer settling time than others, additional, set¬ 
tling time can be provided by executing the HOLD com¬ 
mand after executing the SAMPLE command for the 
slower samples. 

• If the SAMPLE command is executed with a long delay 
time, you must wait for this time to elapse or abort the 
SAMPLE command with a DEVICE CLEAR com¬ 
mand. 


Front Panel Examples 

[sample] [func! iholdi H DO DD [enter] 

[showI [sample! IfuncI iholdi [enter! 

n^np-Hid ] 

^ ; 

Remote Examples 

>Sfl HO 0. 1 
>SH SA HO 

SAMPLE HLD DELAV= 0.10 SEC 

> 

References 

See “Signal Timing” on page D-l and specifically “Changing 
the Settling Time” on page D-2. 

Related Commands HOLD, SAMPLE 
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Description 

Compares verification data just produced by the CAL 1, CAL 
2, or CAL 3 commands against data that is stored from past 
calibrations. 

Syntax 

SHOW CALIBRATE [1,2 or 3] 

Qualifiers 

None 

Reports current bridge conditions relative to those at the time 
of the last calibrations. 

1 

Reports bridge conditions at the time of a recently performed 
CAL 1 command relative to those at the time of the last inter¬ 
nal calibration. For non-Option-E bridges, this command also 
reports the internal calibration point that had the biggest 
change between those at the time of a recently performed 
CAL 1 command relative to those at the time of the last inter¬ 
nal calibration. If the AH 2500A has Option-E, then the 
change in all other internal calibration points is also reported. 

2 

Reports bridge conditions at the time of a recently performed 
CAL 2 command relative to those at the time of both the 
stored Original and Update capacitance calibrations. This 
command also reports the deviation in the capacitance 
obtained with the recent CAL 2 command relative to those at 
the time of both the stored Original and Update capacitance 
calibrations, 

3 

This command is available on Option-E bridges only. It 
reports bridge conditions at the time of a recently performed 
CAL 3 command relative to those at the time of both the 
stored Original and Update transformer calibrations. This 
command also reports the deviation in all the transformer cal¬ 
ibration points obtained with the recent CAL 3 command rel¬ 
ative to those at the time of both the stored Original and 
Update transformer calibrations. 

Parameters None 

Default Value None 

Query Cmd? Yes 

Comments 

• The subject of calibration must be thoroughly under¬ 
stood before use of these commands is attempted. It is 
essential to first read much of Chapter 9, “Verification/ 
Calibration”. 


Front Panel Examples 

[SHOW] IFUNCI [caObRATEI fTT] I ENTER | 

See Figure 9-2 on page 9-2, Figure 9-4 on page 9-4, and 
Figure 9-7 on page 9-10 for examples of the results reported 
by these commands on the front panel. 

Remote Device Examples 

>SH CRL 1 

See Figure 9-1 on page 9-2, Figure 9-3 on page 9-4, 

Figure 9-6 on page 9-10 and Figure 9-8 on page 9-14 for 
examples of the results reported by these commands to 
remote devices. 

References 

See “Comparison with the Previous Calibration Conditions” 
on page 9-3, “Internal Verification Results” on page 9-5, 
“Capacitance Verification Report” on page 9-10 and “Trans¬ 
former Verification Report” on page 9-13 

Related Commands 
CALIBRATE, STORE CALIBRATE 
STORE CALIBRATE CREATE, 

STORE CALIBRATE SPECIAL 
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Description 

Reports parameter values associated with individual com¬ 
mands. These parameter values are reported from current 
parameter sets only. The parameter set types from which val¬ 
ues can be reported are Basic, Gauge, Baud and Bus. 

Syntax 

SHOW individual 

Qualifiers 

individual Name of the command that sets the param¬ 
eter that is to be repotted. 

Query Cmd? Yes 

Comments 

• Pressing [ENTER] will abort a multi-line show that is in 
progress on the front panel. 

• Pressing [*] or [5] moves the front panel display left or 
right from window to window on a given line. 

• Pressing [T] or [TJ moves the front panel display from 
result line to result line. 


Front Panel Examples 

Front panel examples of the SHOW individual command are 
given for every parameter throughout this command refer¬ 
ence. Refer to the page having the associated command name 
heading. 

1SHOW1 |UNITS| |ENTER| 

( IJn.tS —) 

m 


IENTER1 

( rERdy 


The value of the units parameter was reported. 

Remote Device Examples 

Remote device examples of the SHOW individual command 
are given for every parameter throughout this command ref¬ 
erence. Refer to the page having the associated command 
name heading. 

>3HQU HOLD SPEC IRL 
HOLD SPEC TRIGBUF=1 

>H0 SPECIAL 8 
>5H HO SPEC 

HOLD SPEC TRIG6UF=8 

>RECRLL BASIC 0 
>5H HO SPEC 

HOLD SPEC TRIGBUF=1 

> 

The above example first shows the current TR IGBUF value. 
This parameter is set to zero in the current parameter set and 
the parameter is shown again. The default Basic parameter 
set is then recalled. The original SHOW command is 
repeated to see that the current value of the T RIG B U F 
parameter was changed again by the recall operation. 

References 

See Chapter 3, “Parameter and Program Files” for more 
examples. 

Related Commands SHOW set 
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Description 

Reports the contents of the current program or of any pro¬ 
gram file. 

Syntax 

SHOW PROGRAM [filename] 

Parameters filename 

This is the name of the file from which the program is to be 
read. The name has only digits and contains no more than 
eight. 


Front Panel Examples 

[showi [funcI [program] ienter! 

rt ] r 

[ * z d c 


HOL 


L 3 

0 


_ ; 


Default Value 

If no filename is entered, the contents of the current program 
are reported. 

Query Cmd? Yes 
Comments 

• On the front panel display, the contents of each line of a 
program file are shown in a group of from one to three 
windows. The next window to the right is used to display 
a line number for the command. As usual, each window 
of a line can be shown one-by-one by pressing the [+} or 
["■»] keys. The {jm| and [T] keys are used to go from one 
command line to the next. 

• Only the leading characters of each command word will 
be reported even though many more may have been 
entered. 

• Pressing the I ENTER! key will abort the SHOW com¬ 
mand at any time on the front panel. 

• If you are unsure of what program files have been stored, 
the DIRECTORY PROGRAM command can be used 
to list them. 

References 

See “WORKING WITH PROGRAMS” on page 3-10 and 
specifically “Showing the Contents of Program Files” on 
page 3-11. 

Related Commands 

DIRECTORY, PROGRAM CREATE, 

PROGRAM execute 


CE 


5! H 


3 

c 




IENTER 




The contents of the current program created on the front 
panel in the example given in the PROGRAM CREATE 
command description on page A-26 are shown above. Each 
line can have as many as four windows, but only two are 
reported in this example. For convenience, the right-most 
window assigns a line number for the command line. 

Remote Device Examples 


SHOH 

PROGRAM 

RUE 

7 

HOL 

980 

SIH 


ZER 

SIH 

ZER 


HOL 

180 

SIN 



> 

The contents of the current program created on a remote 
device in the example given in the PROGRAM CREATE 
command description on page A-26 are shown above. 
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Description 

Reports the entire contents of the selected parameter set. This 
set can be either a current set or any stored parameter set. The 
parameter set types from which values can be reported are 
Basic, Gauge. Baud and Bus. 

Syntax 

SHOW [BASIC, GAUGE, BAUD or BUS {filename]] 

Qualifiers 


None 

The parameters to be reported will be read 
from the current Gauge parameter set. No 
filename will be accepted. 

BASIC 

All parameters in the specified file having a 
Basic filetype will be reported. 

GAUGE 

All parameters in the specified file having a 
Gauge filetype will be reported. 

BAUD 

All parameters in the specified file having a 
Baud filetype will be reported. 

BUS 

All parameters in the specified file having a 
Bus filetype will be reported. 


Parameters filename 

This is the name of the file from which the parameters are to 
be read. The name has only digits and contains no more than 
eight. 

Default Value 

If no filename is entered, the parameters in the selected cur¬ 
rent parameter set type are reported. 

Query Cmd? Yes 

Comments 

• Pressing | ENTER] will abort a multi-line SHOW com¬ 
mand that is in progress on the front panel. 

® Pressing the [*] or [•*] keys moves from window to 
window on a given line on the front panel. The [T] and 
m keys are used to go from one result line to the next. 

• If you are unsure what filenames and types are available 
to be read, issue the DIRECTORY command to get a list 
of all that have been stored. 

References 

See “Exploring a List with the SHOW command” on 
page 2-5. 

Related Commands 

DIRECTORY, SHOW individual 


Front Panel Examples 

Front panel examples of the SHOW individual command are 
given for every parameter in this command reference. Refer 
to the page having the associated command name heading. 
Space does not permit showing whole sets here. 

Remote Device Examples 

>SH BASIC 0 
BRIGHTNESS C = 5 L=5 

FORMAT 5MP = 0 CRP=1 L0S = 1 ULT =1 

MSG 3 1 LBL = 1 PUN = 0 FFD=1 
FR11T SPEC N = 0 

HOLD SPEC TRIGBUF-1 

PLACES C=9 L=9 

SAMPLE NUMBER 3 1 

SAMPLE HLD 0ELAV = 0.08 SEC 
TEST FRMT HOC-8 RPR-2 

UNITS L=1 

>SH GAU 0 

ALTERNATE A L T E K P = 0 

AUERAGE AUEREHP=4 

DC BIAS ENABLE=0 

CABLE LENGTH 3 1.08 M 

CABLE RESISTANCE/M 3 40,0 MO 

CABLE INBUCTANCE/M 3 1,10 UH 

CABLE CflPRCITANCE/M 3 78,0 PF 

REFERENCE C= 0.0000000 PF 

L 3 8,00000000 NS 

REF FORMAT C=8 L=0 

REF ON C-0 L=0 

TRACKING THRESHOLD=0 

UOLTAGE HIGHEST 3 15.0 U 

ZERO C 3 0.0000000 PF 

L= 8,00000000 NS 

ZERO ON C&L = 0 

>SH BAU 8 

BAUD RATE = 96 DTE 3 1 F'flR 3 0 LEN = 8 

STP = 1 FIL = 8 ECH= 1 
DEFINE ERRSE= A U DEL=DEL BflCK3P= A H 

DCL= A E TERM-PRINTER 
NREMOTE STRTE-0 

NLOCKOUT S T fl T E 3 8 

LOG BAUD CONTENT=0 

>SH BU 0 

BUS ADDR PR I=28 SEC 3 

TOH=0 CPT=0 PRP=0 

3RE MflU 3 8 E ft E 3 0 RDV=0 PON = 0 

URQ=0 CME 3 0 ONR = 0 
LOG BUS C0NTENT 3 1 

> 

The above results show an example of each of the four 
parameter filetypes as reported to a remote device. 
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Description 

Reports current status and configuration information about 
the bridge. This information includes the contents of its GPIB 
status byte, the approximate elapsed time since the bridge 
was manufactured, its serial number, the version of its firm¬ 
ware (ROM), and its internal hardware and firmware options 


Front Panel Examples 

| SHOW 1 [FUNCj (SPECIAL! I ENTER] gives: 

( stfu-us ) [ n.n.E.r.p.UL!j j 

( flflqfl imo j raaaa mo ] 


Syntax 

SHOW SPECIAL 
Parameters None 
Parameter Set Special 
Query Cmd? Yes 


Comments 

• Pressing [ENTER 1 will abort a multi-line show that is in 
progress on the front panel. 

• Pressing the [*] or [-T] keys moves from window to 
window on a given line on the front panel. The [T] and 
m keys are used to go from one result line to the next. 

• Unlike the SHOW STATUS command, the SHOW 
SPECIAL command does not clear the event status bits 
in the GPIB status byte. 

• If the compat bit is set in the Bus communications 
parameter byte then the status lines in the results shown 
in the examples at the right will be different. On the front 
panel the status line will appear as: 


Ps Frit us 


f bdECI flRL ] 


On remote devices the status fine will look like: 
STRTUS BUDECIHRL= 8 


PT| gives: 

( ELRPSEd j 

[. Hr . ihFp . 

C±3 gives: 

( SErnUn ) 

O iO D 0 ' ] 

FT] gives: 

f rOn LIE r S ) 

( PR IP 3 | 

ED g ives: 


( DPb, onS 


The upper half of the window at the top right shows the first 
letter of the label of each of the bits in the GPIB status byte. 
This makes it easier to identify the bits in the bottom half of 
the window. 


Remote Device Examples 


>SH SPEC 

STRTUS 

11RU = 8 1153 = 0 EKE = 0 

R D V = 0 


PON=0 URQ = 8 eriE = 

=0 OHR=0 

ELRPSED 

TI f1E = 1234 HRS 


SERIRL 

HUf1BER = 654321 


Ron 

UER3I0N=RR123 


OPTIONS 

T VPE=E- 



References 

See “Special Parameter Set” on page 3-7. 

Related Commands SHOW STATUS 
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Description 

Reports the GPIB status byte and clears the four event status 
bits in the status byte. 

Syntax 

SHOW STATUS 
Parameters None 

Default Value None 
Parameter Set Special 
Query Cmd? Yes 

Comments 

• The contents of the status byte are reported as a string of 
eight binary bits unless compatibility mode is enabled. 
Compatibility mode causes the contents to be reported as 
a binary-weighted-decimal integer. 

• The meaning of each bit is shown in Table A-4 below. 

• The MAV and RDY bits will always be zero when read 
with the SHOW STATUS command. 


Front Panel Examples 

Available from the front panel only as one line of the result 
from the SHOW SPECIAL command. 

Remote Examples 

>SH STRT 

STATUS rifiU=0 M3S = ! EftE = 8 RDY = 0 

P0N = 1 IJRQ — 0 CtlE = 0 QNR = 1 

> S H STRT (Check again to see what was cleared 

by first SHOW STRTUS.) 

STATUS MAU=0 I1SS-1 EKE = 0 RDV = 0 

PQN=0 URQ=8 CME=0 0NR=1 
>BUS ...1 (Set compatibility mode.) 

>SH STRT 

STRTUS BUDECI f1RL = 65 

References 

See “STATUS REPORTING” on page 6-5 and specifically 
“Reading the Status with a Command” on page 6-6. See also 
“STATUS REPORTING” on page 6-5. 

Related Commands BUS, SRE, USER 


Table A-4 Status byte register bits reported by SHOW STATUS command. 


Bit 

Labei 

Name 

Set when 

Cleared when 

Generates 
SRQ when 

0 

ONR 

Oven Not 
Ready 

Oven temperature is abnormal 

Oven temperature 
returns to normal 

set or cleared 

1 

CME 

CoMmand 

Error 

An error in the entry of a command occurred. 
See Appendix B, “Error Messages” for a list. 

SHOW STATUS 

or RST is executed 

set 

2 1 

URQ 

User 

ReQuest 

The USER command is executed 

SHOW STATUS 

or RST is executed 

set 

3 

PON 

Power-ON 

Bridge power comes on 

SHOW STATUS 

or RST is executed 

set 

4 

RDY 

ReaDY for 

command 

A command line finishes its execution; see 
“INTERACTIVE OPERATION” on page 6-12 

A new command 
line is received 

set 

5 

EXE 

Execution 

Error 

An error occurred executing a command. See 
Appendix B, “Error Messages” for a list. 

SHOW STATUS 

or RST is executed 

set 

6 

MSS 

Master Sum¬ 
mary Status 

Inclusive OR of the bit-wise combination of 
bits 1-7 of the SB and SRE registers is true or 
when the ONR status bit changes while the 
corresponding ONR bit in SRE register is set. 

Inclusive OR of SB 
and SRE is false 

N/A, 

see RQS bit 

7 

MAV 

Message 

Available 

A message is available in the 

GPIB output buffer 

No message is in the 
GPIB output buffer. 

set 
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Description 

Causes the bridge to take a single measurement. If continu¬ 
ous readings were being taken, then the SINGLE command 
aborts them after taking another measurement. 

Syntax SINGLE 

Parameters None 

Query Cmd? Yes 

Comments 

• The Q command produces exactly the same result as the 
SINGLE command and is more convenient to use from 
the serial port. 

* The SINGLE command is not equivalent to the TRG or 
GPIB GET commands. 


Front Panel Examples 

1 SINGLE| (Take a measurement and show in window below.) 


The left window shows the capacitance and loss. The right 
window shows the sample number and the voltage used to 
make the measurement. The [*] and [*] keys are used to 
move between these two windows. 


Remote Device Examples 

>31 

0843.318636 PF L-8.03721 NS 
>SI 

0=843.318642 PF L = 0.83722 NS 

> 

References 

See “Taking Measurements One at a Time” on page 4-4. 

Related Commands CONTINUOUS, Q, TRG 
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Description 

Causes the bridge to reset. 

Syntax 

SPECIAL HALT 
Parameters None 


Front Panel Examples 

[FUNCI iSPECiALl [HALT] [ENTER] 
Shows the front panel message below: 


rESEt 


Query Cmd? No 
Comments 

• The effect of this AH 2500A command is to put all 
higher control sections of the bridge except for the serial 
and GPIB interfaces into the same state as at power-on. 

• Bridge parameters in the Basic and Gauge parameter sets 
are set to their power-on values as contained in the 
parameter sets numbered zero or one. Parameters in the 
current Bus and Baud parameter sets are not initialized. 

• The GPIB PON status bit is not set when this command 
is executed. 

• The SPECIAL HALT command produces exactly the 
same result as the RST command. 

• The power-on program does not execute in response to 
the RST command. 

• A rESEfc message appears on the front panel when 
this command is executed. 


Remote Device Examples 

>SP HFI 

> 

References 

See “PARAMETER SET INITIALIZATION” on page 3-10, 
“INITIALIZING THE BRIDGE” on page 6-14 and specifi¬ 
cally “The RST Command” on page 6-15. 

Related Commands DEVICE CLEAR, RST 
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Description 

Sets and clears bits in the GPIB service request enable mask 
byte. 

Syntax 

SR E mav . exe . rdy . pon . urq . cme . onr 
or 

SR E bwdmask 

The first version of the command accepts binary bits specify¬ 
ing which enable bits are to be set or cleared. The period fol¬ 
lowing mav must always be entered. Each of the seven 
positional parameters is entered as either a one or a zero. A 
one enables the service request bit and a zero disables it. 

The second version accepts a standard GPIB binary- 
weighted-decimal representation of the enable mask. Any 
value from 0 to 255 is allowed. 

Parameters 

The table below gives the relationship between the binary 
parameters in the first version of the SRE command to the 
status bit name. The binary weight of each status bit name is 
also given for use with the second version of the command. 


Table A-5 Service Request Enable mask register 
bit definitions and functions 


Bit 

Label 

Name 

Generates 
SRQ when 

Binary 

weight 

0 

onr 

Oven Not 
Ready 

set or cl eared 

l 

1 

cme 

CoMmand 

Error 

set 

2 

2 

urq 

User 

ReQuest 

set 

4 

3 

pon 

Power-ON 

set 

8 

4 

rdy 

ReaDY for 
command 

set 

16 

5 

exe 

Execution 

Error 

set 

32 

7 

mav 

Message 

Available 

set 

128 


Default Value 

0 (No service requests enabled.) 

Parameter Set 

Bus 

Query Cmd? 

No 


Front Panel Examples 

Not enterable from the front panel, but can be shown. 
[show] [funcI [bus addr] [enter] [T| gives: 

( sTT ■ 1 f n. E.r.p.u.c.0 i 

~ a'aaaaao ] r xianimo | 

The [*[] and [*♦] keys are used to select which of the two 
windows is displayed. 

Remote Device Examples 


> 5 H 0 W 

SRE 

SRE 

riRU=8 

EXE = 8 RDV-0 PCIN=0 

>SRE , 

1 . . 1 , 

. i 

URG = 0 CME = 0 QNR = 0 
(Enable EXE, PON and CME.) 

>SHQU 

SRE 

SRE 

n r u =0 

EKE=1 RDY = 8 PQN=1 

>5RE 1 

. 8 


URG=0 CME=1 ONR=0 
(Enable MAV, disable EXE.) 

>SH0U 

SRE 

SRE 

n r u=i 

EKE=0 RDY=8 P0N=1 

> S R E 1 

7 


URQ = 0 CriE = 1 0HR = 8 
(Set bwdmask to exactly 17.) 

>SHQW 

SRE 

SRE 

f1fiU=8 

EKE=8 RDY=1 PQN=8 

>BUS . 

,.1 


URQ=0 C11E = 0 0NR=1 
(Set compatibility mode.) 

>SH0U 

SRE 



SRE 


BUDECI i1RL = 17 


This example shows how to both change and show mask set¬ 
tings in both binary and binary-weighted-decimal. Changing 
mask bits with the binary entry method is also demonstrated. 

Comments 

* The first (binary) version of the SRE command allows 
setting and/or clearing only the bits to be changed. The 
second (binary-weighted-decimal) version deletes the 
old mask and replaces it with the mask that is entered. 

* This command can only be entered from a remote device 
and is only useful with a GPIB controller. 

* When a bwdmask entry is translated to binary, the bit 
positions that are ones will cause the corresponding ser¬ 
vice requests to be allowed. The only exception is bit 
position six which is ignored. 

References 

See “STATUS REPORTING” on page 6-5 and specifically 
“Service Requests” on page 6-7. 

Related Commands BUS, SHOW STATUS, USER 
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Description 

Steps through operations when using the CALIBRATE 3, 
TEST or PROGRAM commands. 

Syntax STE P 

Parameters None 

Query Cmd? 

Execution of the STEP command usually produces a query 
result, but this is dependent on what root command is being 
executed. The TEST command, for example, can be set to 
halt on every test without sending a result. 

Comments 

• The X command produces exactly the same result as the 
STEP command and is more convenient to use from the 
serial port. 

• In most cases, this command is used in conjunction with 
the front panel to cause the bridge to continue after you 
have observed a result on the display. In some cases, this 
command tells the bridge to continue after waiting for 
you to perform an external action. The latter occurs with 
the CALIBRATE 3 and TEST commands. 

• The STEP command will do nothing if there is no active 
root command waiting for input. This allows the STEP 
command to be used in programs where the need for it 
may be uncertain. It should cause no harm if it is not 
needed. 

• A STEP command following a program will not be pro¬ 
cessed even if the program contains a command that is 
looking for STEP as a reply. In other words, in the com¬ 
mand line PRQGRfill; STEP, the STEP will never have 
any effect no matter what the contents of the program. 


Front Panel and Remote Device Examples 

For some examples see “DC BIAS High Voltage Tests” on 
page 11-17 and “Obtaining Transformer Verification Data” 
on page 9-12. 

References 

See “Single-Step Mode” on page 3-12, Chapter 9, “Verifica¬ 
tion/Calibration” and “Selection of Options: the TEST FOR¬ 
MAT command” on page 11-7. 

Related Commands 

CALIBRATE, PROGRAM, SAMPLE, TEST, X 
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Description 

Stores a current parameter set or program in EEPROM mem¬ 
ory. 

Syntax 

STO RE ( BAS IC. GAUGE. B AUD. BUS 

or PR OGRAM) filename 


Qualifiers 


BASIC 

Save the current Basic parameter set to a 
file. 

GAUGE 

Save the current Gauge parameter set to a 
file. 

BAUD 

Save the current Baud parameter set to a 
file. 

BUS 

Save the current Bus parameter set to a file. 

PROGRAM 

Save the current program to a file. 

Parameters 

filename 


This is the name of the file to be stored. The name can con¬ 
tain only digits and can have no more than eight. The name 
“0” is reserved for files stored in ROM. Parameter files stored 
with the name “1” will be recalled upon power-on. A pro¬ 
gram file stored with the name “1” will executed upon 
power-on. A program file stored with the name “2” will exe¬ 
cuted upon reception of a TRG command or a GP1B bus 
GET command. 

Default Value None 

Parameter Set None 

Query Cmd? No 

Comments 

• If you are unsure of what filenames are already in use, 
issue the DIRECTORY command to get a list of all that 
have been stored. 

• Storing a new file using a name and type that already 
exists will cause the old file to be overwritten with the 
new one. No warning is given when this happens. 

• If you are unsure of the contents of a particular file, you 
can use the SHOW command to examine the contents. 


Front Panel Examples 

|SHOWj |GAUGE] PH [ENTER] 
Displays the following window: 

( RL hr nHt E 


IfuncI IalternateI FT] |enter| 

Sets the alternate parameter to 4. 

jFUNCl | STORE| | GAUGE] R~1 [ENTER 1 
Stores the current Gauge parameter set including the alter¬ 
nate parameter into Gauge file 1. 

[SHOW] [GAUGE] m lENTERl 

Displays the following window showing that the alternate 
parameter in the GAUGE 1 file has changed from zero to 
four: 


| HlfcrnBtE 

t 

1 

cn 

i 

_i 


Remote Device Examples 

>SH0U PROGRAM 15 
FILE NOT FOUND 
>5H PR 
AUER 8 
31 

>3T0RE PR 15 
>SH0U PR 15 
RUER 8 
31 

y 

This example shows that initially there is no program with a 
file name of “1 5”, but that there is a two-line program in 
RAM. The current program is then stored in program file 1 5. 
Another SHOW command reveals that the contents of the cur¬ 
rent program are now also in program file 1 5. 

References 

See Chapter 3, “Parameter and Program Files” and specifi¬ 
cally “Adding Files” on page 3-8. 

Related Commands 

DELETE file , DIRECTORY, RECALL, SHOW 
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Description 

Causes the AH 2500A to save the verification values 
obtained with the CALIBRATION commands. 

Syntax 

STORE CALIBRATE [1,2, or 3] 

this is the commonly used command version. It performs the 
functions listed in the qualifiers section below. 

or 

STORE CALIBRATE 2 CALIBRATE standardvalue 

this version of the command is extremely specialized. It is 
used only for total re-calibration of a non-Option-E bridge 
after either the capacitance standard or the main board have 
been replaced. 

Qualifiers 

None 

Overwrites the previous calibration data with whatever new 
verification data has been produced by the last CAL 1,2, 
and/or 3 commands. 

1 

Overwrites only the previous internal calibration data with 
that produced by the last CAL 1 command. 

2 

Overwrites only the previous Update capacitance calibration, 
data with that produced by the last CAL 2 command. 

3 

Overwrites only the previous Update transformer calibration 
data with that produced by the last CAL 3 command. This 
command is available with Option-E bridges only. 

Parameters None 

Query Cmd? No 

References 

See “Saving the Internal Verification Data” on page 9-9, 
“Saving the Capacitance Verification Data” on page 9-11, 
“Saving the Transformer Verification Data” on page 9-13, 
“Saving All Verification Data” on page 9-12, “Main Board 
Installation Procedure” on page 12-8, and “Standard Capaci¬ 
tor Installation Procedure” on page 12-12. 


Front Panel Examples 

| FUNCj [STORE] [FUNCI [CALIBRATE! RH I ENTER 

[ PRS'SCOdE j 


m m m cu cn tn 

[ PRSECDdE | 

( 1E3HSS ] 

[ENTER | 

This example shows the passcode prompt resulting from the 
entry of a STO CAL 2 command. This is followed by the 
entry of the “123456” passcode. The Update capacitance cal¬ 
ibration data is overwritten after the |ENTER| key is pressed. 

Remote Device Examples 

>ST0 CflL 1 

PR35CQ0E>171717 (The passcode is not actually echoed.) 

> 

Saves new internal calibration data. 

Comments 

• The subject of calibration must be thoroughly under¬ 
stood before using these commands is attempted. It is 
essential to first read much of Chapter 9, “Verification/ 
Calibration”. 

• Every version of this command requires the entry of a 
passcode. Entry of three bad passcodes in a row will 
cause all further passcodes to be rejected until power-on 
occurs. 

* If either the capacitance or transformer Update data is 
stored, the corresponding update parameter is set to one. 

* Storing new capacitance or transformer calibration val¬ 
ues will change the actual calibration of the bridge only 
if the corresponding update parameter has a value of 
one. 

Related Commands 

CALIBRATE, SHOW CALIBRATE, 

STORE CALIBRATE CREATE, 

STORE CALIBRATE SPECIAL 
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Description 

Allows creating new calibration passcodes. 

Syntax 

STORE CALIBRATE CREATE (1,2 or 3) 

Qualifiers 

1 

Allows changing the User passcode if you know the Owner 
passcode. 

2 

Allows changing the Calibrator passcode if you know the 
Owner passcode. 

3 

Allows changing the Replace passcode if you know the 
Owner passcode. This qualifier is only available on non - 
Option-E bridges. 

Parameters 

There are no parameters, but you will be prompted for old 
and new passcodes after issuing this command. 

Query Cmd? No 

Comments 

* Passcodes entered in response to a prompt on remote 
serial devices will not be echoed. 

* The passcodes can be entered as a part of the command 
on the same line by separating the command and its 
passcodes with semicolons. Passcodes entered this way 
will be echoed to a serial device. 

* Entry of three bad passcodes in a row will cause all fur¬ 
ther passcodes to be rejected until power-on occurs. 

Related Commands 
CALIBRATE, SHOW CALIBRATE 
STORE CALIBRATE 1,2,3 
STORE CALIBRATE SPECIAL 

References 

See “Changing the User Passcode” on page 9-17, "Changing 
the Calibrator Passcode” on page 9-18, and “Changing the 
Replace Passcode” on page 9-18. 


Front Panel Examples 

iFUNCj |STORE] |FUNC| [CALIBRATE] iFUNC] I CREATE 
| ENTER | 


Onr EadE 


im cm mi] Q] ci] mu 

Q 0 nr EadE ] 

| /73S56 | 

IenterI 

( LI Sr EadE | 


mm mm [i] 

f LiSr EadE —) 

f TN~IW == 1 


IENTERI 

This example shows the Owner passcode prompt resulting 
from the entry of a STO CAL CR 1 command. This is fol¬ 
lowed by the entry of a “123456” Owner passcode. In this 
example the bridge accepted this as the correct passcode and 
responded with the prompt for the User passcode. This is fol¬ 
lowed by the entry of a new “314159” User passcode. The 
old User passcode is replaced with the new “314159” User 
passcode after the [ enter] key is pressed. 

Remote Device Examples 

>5TO CRL CREATE 2 
OWNER C0DE>123456 
CRLIBRATOR C0DE>171717 

Change the Calibrator passcode to “1 71 71 7”. The passcodes 
above are not actually echoed if the remote device is con¬ 
nected to the serial port. 

>STG CAL CR 2; 123456j171717 

This performs the same function as the previous example. 
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Description 

Selects the source of data for the capacitance or transformer 
calibrations. You can select the original calibration done at 
the time of manufacture or a later, updated calibration. 

Syntax 

STORE CALIBRATE (2 or 3) SPECIAL update 

changes the update parameters one at a time. Requires the 
Owner or Calibrator passcode. 

Qualifiers 

2 

Allows changing the capacitance calibration update parame¬ 
ter. 

3 

Allows changing the transformer calibration update parame¬ 
ter for Option-E bridges only. 

Parameters update 

When set to a one, an update parameter causes the bridge to 
use the corresponding Update calibration data. When cleared 
to a zero, the update parameter causes the bridge to use the 
corresponding Original calibration data. 

Default Value None 

Parameter Set None 

Query Cmd? No 

Comments 

• The function of the update parameter must be thor¬ 
oughly understood before changing it. 

• Passcodes entered on remote serial devices in response 
to a passcode prompt will not be echoed. 

• The STORE CALIBRATE command automatically sets 
the corresponding update parameters) to one if new 
capacitance or transformer data is stored. 

• Entry of three bad passcodes in a row will cause all fur¬ 
ther passcodes to be rejected until power-on occurs. 

References 

See “Selecting Update vs. Original Capacitance Calibration 
Data” on page 9-11 and “Selecting Update vs. Original 
Capacitance Calibration Data” on page 9-11. 

Related Commands 
CALIBRATE, SHOW CALIBRATE 
STORE CALIBRATE 
STORE CALIBRATE CREATE 


Front Panel Examples 

IFUNCI [STOREl iFUNCi |CALIBRATE| |~2~1 [FUNCl |SPECIAL 
[~0l jENTERl 

["FBS5CDd£ I 


□□ cni cu cm im cm 

rPflssfodF 

IT3H56 


ENTERI 


rERd y 


In the above example the capacitance calibration is set to 
Original. This example shows the passcode prompt resulting 
from the entry of a STORE CALIBRATE 2 SPECIAL com¬ 
mand. This is followed by the entry of “123456” which was 
accepted as the correct passcode. 

[SHOWj IFUNCI jCALlBRATEj pT] [ENTER] 

[ CRP } 

[~iJPdf)t~E ~B | 

This example shows the value of the capacitance update 
parameter as the first window of a multi-window result. This 
command will show this window only if calibration data has 
been generated. The SHOW CAL command will report the 
update parameters even if no data has been generated. 

Remote Device Examples 

>3T0 CFlL 2 SPECIAL 1 

PR5SC0DE>1 23456 (Passcode is not actually echoed.) 

> 

The capacitance calibration update parameter is set above so 
that the Update capacitance calibration data is used. 

>SH0 CRL 2 
CAP UPDATE « 1 


DEU 

FROM 

UPDT CRP: 

CRL 

AGE = 

345 

HRS 



TEMP = 

-5.1C 

C = 

-8.71 

PPM 

DEU 

FROM 

ORIG CRP: 

CAL 

AGE - 

12345 

HRS 



TEMP = 

-4,6C 

C = 

-0.71 

PPM 


> 

The above example shows the value of the capacitance 
update parameter on the first line of the three line result. 
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Front Panel Examples 


Description 

Performs diagnostic tests on the internal circuitry of the 
bridge. Effective use of this command requires an under¬ 
standing of Chapter 11, “Diagnosis and Repair”. 

Syntax 

TEST [testgrouplo . testlo [ . testgrouphi. testhi j] 

[BEPEAT [count]] 

Qualifiers 

REPEAT Specifies that the selected tests are to be 
executed more than once. 

None Specifies that the selected tests are to be 

executed only once. 

Parameters 

testgrouplo The number of the group containing the 
first or only test to be executed. 

testlo The number within the first or only group 

of the first or only test to be executed 

testgrouphi The number of the group containing the 
last test to be executed. 

testhi The number within the last group of the 

last test to be executed 

count The number of times all the specified tests 

are to be executed. If no count is entered, 
the tests are executed indefinitely. 

Query Cmd? 

Yes, but if rpr=l then a SHOW TEST command should be 
added to the command line to guarantee a result. For exam¬ 
ple: TEST;3H TE. 

Comments 

• The TEST command word by itself causes all tests to be 
executed that do not require intervention. This is the 
only version of the command that will skip such tests. 

• The command sequence TEST; TEST 91 . .94 is the 
most powerful test sequence that is also easy to run. 

• Each test result is reported in six windows on the front 
panel. These may be viewed one-by-one by pressing the 
[~*n and [*] keys while tests are running or after they 
finish. This allows real-time monitoring of the results. 

• The SHOW TEST command will re-display the failure 
report for the last test that failed. 

• Certain tests can erase or overwrite RAM memory. In 
these cases, you are prompted with an “Are You Sure?” 
message. This must be answered with a YES to allow 
the test to proceed. 



The above example shows the failure report for test 90.1 
which failed on the second of five passes. 



The above two windows are the summary line that was 
reported after the five test passes completed. 

Remote Device Examples 

>TE3T FORfiflT .2 (Report failed tests and summary 

lines.) 

>TE3T 50 ..55 (Run test groups 50 through 55.) 

0000000 TST=52.4 LO=097 PA33=016 HI=103 
G21 C0 A0 T1 00 F P 00000000 07F090 
0000001 FCNT“001 LTF-52.4 

> 

This example shows a typical test failure and summary line 
resulting from a failed test execution. The FA I L=081 indi¬ 
cates that only one test failed, which was test 52.4. 

References 

See Chapter 11, “Diagnosis and Repair” and specifically 
“Initiating Self-tests: the TEST command” on page 11-4. 

Related Commands 

CALIBRATE, SHOW CALIBRATE, STEP, 

TEST FORMAT, X 
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Description 

Determines which test results are reported and what condi¬ 
tions cause execution of the tests to halt (pause). 

Syntax 

TEST FORMAT hoc.rpr 

Parameters 

hoc 

The “halt on condition” parameter can be set to the values 
below. The effects of each setting are listed. If an hoc condi¬ 
tion occurs, a “+” prompt will be sent to remote devices. The 
STEP or X commands may be entered in response to this 
prompt to cause execution to continue. 

0 Test execution does not halt until all tests are finished. 

1 Execution of the tests will halt on every occurrence of 
an error report (test FAIL). 

2 Execution of the tests will halt on every occurrence of 
any test result. 

> 3 Halt after the entered number of test failures has 
occurred. Any number from 3 to 999 may be entered. 

rpr 

The “reported results” parameter can be set to the values 
below. The effects of each setting are listed. 

0 No test results are measured or reported. The word 
SCOPE is displayed in place of the upper line of the 
PASS/FAIL window on the front panel. 

1 Only any error result lines are sent to remote devices. 
All results, failed or not, are shown on the front panel. 
To guarantee that a message is sent to a GPIB control¬ 
ler, SH TE should be appended to the command line. 

2 Only error results and the test summary line are sent to 
remote devices. All test results, failed or not, are 
shown on the front panel. 

3 All results, failed or not, are sent to remote devices 


and are shown on the 

front panel. 

Default Value 

0.2 

(Do not halt on error, send 
error results and summary lines 
to remote devices.) 

Parameter Set 

Basic 


Query Cmd? 

No 


Comments 




* The “halt on condition” feature is essential for reading 
individual error results from the front panel. Most of 
these would be overwritten, in less than a second other¬ 
wise. 


Front Panel Examples 

iFUNCl [TESTl IfUNC'I IFORMATI r*l n~l lENTERj 
fSHOWl IFUNC'I [TESTl |FUNC| |FORMAT| |ENTER] 

[JT5T - TrTlfc | (~ hac rPr 

~ h0~ r ! ] (~h0~ r l ] 

In the example above, the rpr parameter was set to a one. The 
Test Format parameters were then shown. 

Remote Device Examples 

>TEST FORMAT . 1 
>SH0U TEST FORMAT 
TEST FRtIT H0C = 0 RPR = 1 

>TE3T 50 

0000000 TST = 58.2 
G11 C0 R0 T 
>TEST FORMAT .2 
>TE3T 50 

0000000 T5T = 50,2 
011 00 R0 T 
0000001 FCNT=B01 
>TEST FORMAT ,3 
>TEST 50 

0080800 TST = 58,1 
001 00 R0 T 
0000008 TST = 50.2 
011 00 R0 T 
0080800 T3T = 50,3 
011 00 R0 T 
0000000 TST-58,4 
021 00 R0 T 
0000000 T 3 T = 5 0. 5 
021 00 R0 T 
0000000 T3T=58.6 
031 00 R8 T 
0000001 FCNT=001 

> 

This example shows typical results obtained lor three differ¬ 
ent settings of the rpr parameter. The result from the first 
TEST 58 command reports just the error result for the one 
test that failed. Results from the second show the failed test 
and the summary line. Results from the third show all tests 
that were executed and the summary line. 

References 

See Chapter 11, “Diagnosis and Repair” and specifically 
“Selection of Options: the TEST FORMAT command” on 
page 11-7. 

Related Commands STEP, TEST, X 


L0 = 095 FA I L = 892 HI == 1 05 
1 B0 F P 88028000 800000 


LQ = 095 FA IL = 092 HI-105 
1 60 F P 08020000 800000 
LTF = 50.2 


10=825 PRS3=1 67 HI-488 
1 B0 F P 08030080 000000 
LO-095 FRIL=092 HI-105 
1 60 F P 00028008 000800 
LQ-025 PA53 =185 HI=480 
1 B0 F P 00810000 080000 
LO = 09? PAS3 = 108 HI-103 
1 B0 F P 00006000 000000 
LO = 025 PASS = 166 HI=408 
1 B0 F P 00003000 000000 
LO=097 PAS3=108 HI-103 
1 B0 F P 00002000 000000 
LTF=50.2 
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Description 

Enables and disables tracking mode. Also sets the threshold 
at which tracking will occur. Tracking mode allows the 
bridge to automatically switch to the highest measurement 
rate of about 25 per second to track a quickly changing 
unknown. 

Syntax 


Front Panel Examples 

[FUNCl lTRACKl R~] UnTERI 
1FUNC| jSHOWl lTRACKl 1 ENTER] 


[ hr Be 


t 

i 


TRACK threshold 


|CONTINUOUS] |ENTER] 


or 

TRACK HALT or TRACK 0 


( 959 . 05911 ' 
r~aD3 ne 


The syntax on the first line simultaneously enables tracking 
mode and sets the tracking threshold. Either syntax on the 
second line disables tracking mode. 


( SJsJdS.fc I 

r0-03 


Parameters threshold 

The threshold is an integer ranging from 0 to 5. A zero value 
disables tracking mode. A non-zero value enables tracking 
mode. A non-zero threshold is a measure of the maximum 
rate at which the capacitance can change before tracking 
takes over. The smaller the threshold , the more likely track¬ 
ing will take over and the less likely that it will revert to the 
current averaging time setting. 


The first measurement window shows a full-precision result, 
the second shows a tracking result with reduced precision 
and the tracking indicator visible in the upper right comer. 

Remote Device Examples 

>TRfl 5 
>3H0M TRACK 

TRACKING THRESHOLD-5 


It is not possible to provide a simple relationship between the 
threshold and the rate of change of the unknown. The thresh¬ 
old is only a relative parameter. Incrementing the threshold 
by one increases the rate at which the capacitance may 
change without tracking occurring by a factor of approxi¬ 
mately three. Increasing the threshold by two increases this 
rate by a factor of 1.0. The threshold can change the rate by a 
factor of 100. 

Default Value 0 (Tracking disabled) 

Parameter Set Gauge 
Comments 

• Tracking mode works with both SINGLE and CONTIN¬ 
UOUS commands. 

• If the unknown changes by a substantial capacitance or 
loss ratio, the bridge may interrupt the high speed mea¬ 
surement and spend about 0.5 second to make some 
internal adjustments. It will then continue taking read¬ 
ings at the high rate. 

• When the bridge switches to making measurements at a 
high rate, this is indicated with a “fc” in the upper right 
comer of the front panel display and with a “T” message 
to remote devices. 


>C 


c= 

939 

,033362 

PF 

L = 

8 

030000 

NS 


c= 

939 

,033365 

PF 

L- 

8 

030010 

NS 


c= 

939 

,033371 

PF 

L = 

0 

030026 

NS 


o 

938 

, 81 

PF 

L- 

0 

1 

NS 

T 

c= 

935 

,578 

PF 

L = 

0 

1 0 

HS 

T 

c= 

931 

, 63 

PF 

L = 

0 

1 

NS 

T 

c= 

923 

,8 

PF 

L- 

0 

0 

NS 

T 

c= 

915 

, 66 

PF 

L = 

0 

00 

NS 

T 

c= 

914 

,99 

PF 

L- 

0 

00 

HS 

T 

c« 

914 

,72 

PF 

L = 

0 

1 0 

NS 

T 

C” 

914 

, 50 

PF 

L = 

0 

1 

NS 

T 

>TRfi 

I HR 









> 

This example shows three full-precision measurements fol¬ 
lowed by eight high speed measurements. Notice the differ¬ 
ence in the rate of change of the capacitance in the two cases. 

Query Cmd? No 

References 

.See “Auto Switching to High Speed” on page 4-7 and specif¬ 
ically “Using Tracking Mode” on page 4-7. 

Related Commands 
AVERAGE TIME, CONTINUOUS 
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Description 

The TRG command produces exactly the same result as the 
GPIB bus GET command. Both of these execute a PRO¬ 
GRAM 2 command. Since a program can contain any AH 
2500A command or combination of commands, the TRG or 
GET commands provide a convenient way of initiating any 
bridge operation. 


Front Panel Examples 

This command word is not available from the front panel. 
However, if a program filename of “2” exists, the same result 
is produced with the key sequence: 

1PROGRAMI m I ENTER | 

Remote Device Examples 


Syntax TRG 

Parameters None 


Default Value If a PROGRAM 2 file does not exist, a 
SINGLE command will be executed 
every time a TRG or GET command is 
issued. 

Query Crnd? Dependent upon the contents of pro¬ 
gram number two. 

Comments 

• The TRG command is not equivalent to the SINGLE 
command. However, the TRG command can function 
identically if program number two does not exist or if it 
consists of one SINGLE command. 


>PR CRERTE 
#SR 1;SI 
*SR 2;SI 
»SR 3;SI 
»Sfl 4;31 
# 

>ST0RE PROGRAM 2 


>TRG 

3 = 

1 

c= 

843.318636 

PF 

L = 

0.03721 

NS 

S = 

2 

c= 

431.587114 

PF 

L = 

0.01378 

NS 

S = 

3 

C = 

187.615845 

PF 

L = 

0.00831 

NS 

s= 

4 

c= 

52.827986 

PF 

L = 

0.00558 

NS 


> 

The above example shows the creation of a program that 
automatically selects sample numbers one through four and 
takes one measurement after the selection of each sample. 
The program was stored into program set number two and a 
TRG command was issued that caused the program to be 
executed. 


References 

See “WORKING WITH PROGRAMS” on page 3-10 and 
especially “The TRG/GET Program” on page 3-13. See also 
“Initiating with a TRG/GET Program” on page 4-4. 

Related Commands 

Q, PROGRAM execute , SINGLE 
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Description 

Selects the units that will be used to report the loss compo¬ 
nent of the measurements. 

Syntax 

jJNITS lossunit 
Parameters lossunit 

The list below gives the corresponding units for the respec¬ 


tive lossunit numbers. 

1 - Nanosiemens (nS) 

2 - Dissipation factor (tan5) (dimensionless) 

3 - Series resistance in kilohms (kO) 

4 - Parallel resistance in gigohms (GO) 

5 - G/co (j pF) 


Default Value 1 (nanosiemens) 

Parameter Set Basic 
Query Cmd? Yes 
Comments 

* When any form of the UNITS command is issued it will 
re-display the last measurement taken with the new units 
setting in effect. 

* Capacitance is always displayed in units of picofarads or 
as percent deviation from a Reference value. 

* Loss is always displayed in one of the fi ve units in the 
list above or as percent deviation from a Reference 
value. 

* The lossunit parameter values one through four are in 
the same order as the top-to-bottom ordering of the front 
panel unit indicator labels. 

* The fifth lossunit parameter value is indicated on the 
front panel by displaying the two middle loss unit 
LED’s. 

* Changing the lossunit parameter will not usually cause 
the capacitance value to change. However, the series 
capacitance value of lossy unknowns is different from 
the parallel capacitance value. This is demonstrated in 
“Front Panel Examples” on this page. 

References 

See “DECIDING WHICH UNITS TO USE” on page 4-10 
and specifically “Changing the Loss Units” on page 4-12. 

Related Commands None 


Front Panel Examples 

jUNITSj (T1 [ENTER] 

nwi i 


I UN ITS] in [ENTER 


| 5053.5553 
( 0.0%350f 

lUNITSl [~3~] |ENTER| 


f 5053.9955) 
( i.953 } 

UNITS] m |ENTER] 


[ ""5053.55 55 _) 
( 0.0005 100 ~ ~) 

1 UNITS] pH [ENTER] 


f~506S.86SB 
(.531.555T" 


ISHOW] [UNITS] ]ENTER 


fU^Ts 


Note that UNITS 3 affected the capacitance value also. 


Remote Device Examples 


> UNI 

c= 

TS 1 

454.688993 

PF 

L = 

8.81744 

H3 

>UN I 

C = 

T 2 

454.688993 

PF 

L- 

0.00080611 

03 

> U HI 

C = 

3 

454.688993 

pF 

L- 

0.002137 

K0 

>UN 

C = 

4 

454.688993 

PF 

L = 

57.34 

GO 

> U N 

c- 

5 

454.688993 

PF 

L = 

0.002776 

GU 


This shows a single measurement result reported in all five of 
the possible loss units. The automatic re-display feature of 
the UNITS command is very useful here. 
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Description 

Execution of this command sets the User ReQuest (URQ) bit 
in the GPIB status byte. This provides a means by which a 
user-specified event can be signaled to a remote controller. 

Syntax 


USER 


Parameters None 

Query Cmd? No 

Comments 

• This command cannot be entered from the front panel. 

• The URQ bit is cleared by the execution of a SHOW 
STATUS or RST command. 

• The USER command is primarily useful when the AH 
2500A is connected to a GPIB controller, but it may also 
be useful with the front panel or serial port. Although the 
USER command cannot be executed directly from the 
front panel, it can be included in a program which is exe¬ 
cutable from the front panel. 

• This command is probably most useful when included in 
an AH 2500A program. 


Front Panel Examples 

Not available, unless included in an AH 2500A program. 

Remote Device Examples 

>SH 5TR 

STATUS HflU-0 I1SS-0 EKE = 0 RDY=0 

PON-1 URQ = 0 CME = 0 0NR = 0 

HISER 
>SH 3TR 

STATUS f1RU = 0 1133 = 0 EHE = 0 RDY*0 

PON = 0 URQ=1 CflE-0 ONR-0 

> 

This example shows that the USER command sets the URQ 
bit. 

>PR0G CRERTE 
«H0LD 0 
“USER 
^SINGLE 

tt 


In the example above, a program is entered which waits for 
an external trigger pulse and then sets the URQ bit when a 
pulse arrives. This can inform a controller when a trigger has 
started a measurement. 

>PR0G CR 
*CRL 1 
»U3ER 

tt 


In the example above, a program is entered which starts an 
internal calibration and then sets the URQ bit when the cali¬ 
bration command is finished. 

References 

See “STATUS REPORTING” on page 6-5 and specifically 
“A User Settable Status Bit” on page 6-6. 

Related Commands 

PROGRAM, SHOW STATUS, SRE 
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Description 

Limits the amplitude of the 1. kHz test voltage applied by the 
bridge to the device under test. 

Syntax VOLTAGE highest 

Parameters highest {Floating Point) 

This is the maximum AC voltage in volts RMS that the 
bridge will apply to the DUT. Any voltage may be entered, 
but the bridge will limit the maximum measurement voltage 
to a value equal to or below the amount specified. Table A-6 
below lists the actual MS voltages that the AH 2500A uses. 


Table A-6 Capacitance and loss ranges for the 
available limiting voltages. 


Limit 

(volts) 

Capacitance 
range (pF) 

Loss range 
(nS) 

From 

To 

From 

To 

*15.00 

-8 

+80 

-0.4 

+4 

*7.50 

-16 

+160 

-0.8 

+8 

3.75 

-16 

+ 160 

-0.8 

+8 

*3.00 

-40 

+400 

-2 

+20 

*1.50 

-80 

+800 

-4 

+40 

*0.750 

-160 

+ 1600 

-8 

+80 

0.375 

-160 

+1600 

-8 

+80 

*0.250 

-480 

+4800 

-24 

+240 

0.125 

-480 

+4800 

-24 

+240 

*0.100 

-1200 

+12000 

-60 

+600 

0.050 

-1200 

+ 12000 

-60 

+600 

*0.030 

-4000 

+40000 

-200 

+2000 

0.015 

-4000 

+40000 

-200 

+2000 

o 

*—H 

O 

© 

-12000 

+120000 

-600 

+6000 

0.0050 

-12000 

+120000 

-600 

+6000 

*0.0030 

-40000 

+400000 

-2000 

+20000 

0.0015 

-40000 

+400000 

-2000 

+20000 

*0.0010 

-120000 

+1200000 

-6000 

+60000 

0.0005 

-120000 

+1200000 

+6000 

+60000 


Default Value 15 volts 


Parameter Set Gauge 
Query Cmd? No 
Related Commands None 


Front Panel Examples 

I VOLTAGE | m 1ENTER1 (Set highest voltage to 5 volts.) 
I SHOWI 1 VOLTAGE] |ENTER| 


UOLfcflCE 

3.15 


The voltage was limited to 5 volts but the bridge selected the 
next lower value of 3.75 volts as the maximum. 

I SINGLE] (Take measurement in windows below.) 

| 951.03 Tbs 1 fTTol J 

roI^riH " | f U: 150 | 

The value of capacitance measured caused the actual voltage 
used to be 1.50 volts. The [*} and [+} keys are used to select 
which of the above windows is shown. 

Remote Device Examples 

> U 1 (Set the voltage to no more than one volt.) 

>SI 

C= 93.8724 PF L= 0.0808 GW U=0,75 U 
>SH U 

UOLTflGE HIGHEST 3 8.75 U 

> 

The voltage was selected to be one volt. From the table, the 
highest voltage that is equal to or less than one volt is 8.75 
which is what the bridge chose as its upper limit. The mea¬ 
surement that was taken actually used 0,75 volts since the 
capacitance value was below 1600 pF. 

Comments 

• Transient voltages as high as 0.1. volts can occur no mat¬ 
ter what the maximum voltage is set to. 

• The voltage limits marked with asterisks (*) are pre¬ 
ferred voltage limits since they are made using higher 
generator voltages. This results in better signal to noise 
ratios. 

References 

See “VOLTAGE OF THE TEST SIGNAL” on page 4-12 and 
specifically “Limiting the Test Voltage” on page 4-13. 
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Description 

Steps through operations when using the CALIBRATE 3, 
PROGRAM or TEST commands. This occurs by pressing 
only the X key on the keyboard of a remote serial device. 

Syntax X (no RETURN key is used) 

Parameters None 

Query Cmd? 

Execution of the X command usually produces a query result, 
but this is dependent on what root command is being exe¬ 
cuted. The TEST command, for example, can be set to halt 
on every test without sending a result. 

Comments 

• The X command produces exactly the same result as the 
STEP command but is more convenient to use from the 
serial port than the STEP command. 


Front Panel Examples 

The |STEP| key is used instead on the front panel. 

Serial Remote Examples 

For some examples see “DC BIAS High Voltage Tests” on 
page 11-17 and “Obtaining Transformer Verification Data” 
on page 9-12. 

References 

See “Single-Step Mode” on page 3-12, “Selection of 
Options: the TEST FORMAT command” on page 1.1-7, and 
Chapter 9, “Verification/Calibration”. 

Related Commands 

CALIBRATE, PROGRAM, SAMPLE, STEP, TEST 


• This command tells the bridge to continue after waiting 
for you to perform an external action. The latter occurs 
with the CALIBRATE 3 and TEST commands. 

• The X command is shortened from “eXecute”. 

• The X command will do nothing if there is no active root 
command waiting for input. This allows the X command 
to be used in programs where the need for it may be 
uncertain. It should cause no harm if it is not needed. 

• This command will only work in an AH 2500A program 
if it is not the first character. A space can precede it if 
you desire to enter it by itself on a program line. 

• An X command following an AH 2500A program will 
not be processed even if the program contains a com¬ 
mand that is looking for X as a reply. In other words, in 
the command line “PROGRAM;X”, the X will never 
have any effect no matter what the contents of the pro¬ 
gram. 
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Description 

Changes the result mode between Absolute result mode and 
Zero compensation result mode. Zero result mode compen¬ 
sates for residual capacitance and parallel loss effects that 
are usually inherent in test fixtures. 

Syntax 

ZERO 

or 

ZERO HALT 

The first form of the command enables Zero result mode and 
the second form disables it. 

Parameters 

No parameters are entered. However, the SHOW ZERO 
command will show a one on the ZERO ON line if Zero 
result mode is in effect and a zero if not. 

Default Value 0 (Absolute result mode) 

Parameter Set Gauge 

Query Cmd? Yes 

Comments 

• Enabling Zero result mode is a separate operation from 
entering the Zero values. 

• Zero compensation capacitance and loss values can be 
entered (and stored) without being enabled. Subsequent 
enabling of Zero result mode will then use the Zero com¬ 
pensation values to correct the measured values. 

• When any form of the ZERO enable command is 
issued it will re-display the last measurement taken with 
the new Zero compensation settings in effect. 

• This command is similar to REFERENCE enable. 

• Zero result mode is identical to Reference result mode in 
many ways, but the mathematical compensation per¬ 
formed in Zero result mode is much more than just a 
simple subtraction. The compensation calculation per¬ 
formed is dependent upon the units currently in use and 
can be complicated. The calculations require both capac¬ 
itance and loss Zero values. Thus, the Zero result mode 
differs from the Reference result mode by not allowing 
you to enter a capacitance value without a corresponding 
loss value or vice-versa. 

• Zero result mode may be used in combination with Ref¬ 
erence result mode. They will each function indepen¬ 
dently of the other. 


Front Panel Examples 

[SINGLE] (Take measurement in window below.) 

( 1 145ti?0B | 

1 


[zero] [SINGLE! [ENTERl (Get measured values.) 

[zero] 1 ENTERj (Show the differences.) 

( 00HOODOO ) 

f floaooo | 


I SINGLE! (Show new measurement results below.) 

( -0-00DDH8 1 

f 0.000 I H ] 

This shows the changes between [SINGLE! measurements. 

Remote Device Examples 

>ZER0 CRP 709 LOSS 0.0900046 


>SI 








c= 

744. 

17194 

FF 

L = 

0 . 

,8000051 

D3 

c~ 

44. 1 

71937 

ZPF 

L = 

0 . 

, 0000138 

ZDS 

>z 

HALT 







c= 

744 . 

17194 

PF 

L = 

0 . 

,0800051 

DS 

>51 








c= 

744 . 

17285 

PF 

L = 

0, 

. 0080055 

DS 


Zero compensation values were manually entered and a mea¬ 
surement taken. Zero result mode was enabled causing the 
compensated version of the previous result to be reported. 
Zero result mode was then exited causing the same result to 
be reported as for the original measurement. The result is 
exactly the same since no new measurement was yet taken.- 
The actual measurement, which follows shows small changes 
that are likely due to noise. 

Notice that the Zero compensated result was 
L= 0.0008138 ZDS whereas Reference result mode 
would have reported L= 0.0000005 RD3. This is an 
example of how different these two result modes can be. 

References 

See “Zero Compensation Result Mode” on page 5-4 and spe¬ 
cifically “Enabling Zero Result Mode” and “Disabling Zero 
Result Mode”. 

Related Commands 

REFERENCE enable and ZERO value. 
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Description 

Provides manual and automatic ways to enter capacitance 
and loss Zero compensation values. 

Syntax 

ZERO CAP capvalue LOSS lossvalue 
is used to enter Zero compensation values manually, or 

ZERO SINGLE 

uses the last-measured capacitance and loss values before 
any Reference corrections have been applied. 

Parameters 

capvalue (Floating Point) 

This is the value of the capacitance to be used as a Zero com¬ 
pensation value. The value is assumed to be entered in the 
current units. The maximum value that can be entered is 
99,999,999. 

lossvalue (Floating Point) 

This is the value of the loss to be used as a Zero compensa¬ 
tion value. The maximum value that can. be entered in any 
units is 99,999,999. 

Default Value 0,0 

(The default Zero compensation values for capacitance and 
loss are both zero.) 


Front Panel Examples 

| SINGLE] (Takes measurement in window below.) 


IR.S0R01 


noeszs 


[zero] IsingleI [enter] 


(Get measured values.) 


I ZERO] I ENTER | (Enable Zero result mode and show 

compensated result.) 


000.00000 


0.00000 


[SHOWl [zero] l enter! 

( 1450205 

rwsse s 


(Show the effects.) 

2ErO 

1102925 = 


c ?ErO 


an 


ENTER 


ERd y 


Parameter Set Gauge 
Query Cmd? No 
Comments 

• Entering the Zero compensation values is a separate 
operation from actually using them by enabling Zero 
result mode. This makes it easier to enter and exit Zero 
result mode. 

• This command is similar to the REFERENCE value 
command. 

• The bridge performs all Zero calculations before per¬ 
forming any Reference calculations that might be 
enabled. 

References 

See “Zero Compensation Result Mode” on page 5-4 and spe¬ 
cifically “Entering Zero Values Manually” and “Entering 
Zero Values Automatically”. 

Related Commands 

REFERENCE enable and ZERO enable. 


This example shows ail the front panel Zero result mode win¬ 
dows above. 

| SINGLE 1 (Takes measurement in window below.) 



This result was compensated using the entered Zero values. 

Remote Examples 

>ZER0 CAP 4.5 LOSS 0.0025 
>SH Z 

ZERO 0=4.56000000 PF L=0.0025000 NS 

ZERO ON C&L = 0 

> 

The capacitance and loss Zero compensation values were 
manually entered. The SHOW command then confirmed 
their values, showing maximum precision results since there 
is no uncertainty in an entered result. Zero result mode is cur¬ 
rently disabled as indicated by “C&L=0”. 


AH 2500A Capacitance Bridge 


Command Reference A-59 










A-60 Command Reference 


AH 2500A Capacitance Bridge 


C04 




This appendix explains the various error messages and codes 
that can occur in the process of normal operation of the AH 
2500A. Error messages that occur as a result of executing the 
self-test routines after power-on or by issuing the TEST 
command are explained in Chapter 1 i titled “Diagnosis and 
Repair”. The section “Processor and Front Panel Tests” on 
page 11-14 contains Table 1.1-7 on page 11-13 which lists the 
possible power-on self-test messages. 

Error Messages vs. Error Codes 

Error messages are always repotted as English text on the 
front panel. Results sent to remote devices can also report 
error messages as text or as a decimal error code. The way to 
choose which form is to be sent is explained in “Error Mes¬ 
sages vs. Error Codes” on page 5-6. 

This appendix contains three tables of error messages. The 
content of the first table (Table B-l) is identical with the 
combined contents of the second two tables (Table B-2 and 
Table B-3). The difference is that the first table is arranged 
alphabetically and the remaining two are arranged by error 
code. 

Measurement vs. Command/Data Errors 

The error messages may be divided into two types. One error 
type results from an inability of the bridge to make a valid 
measurement. These are usually the result of connecting an 
unknown impedance that the bridge is unable to measure. 
However, these can also indicate a problem with the bridge if 
the unknown impedance is good. 

The second kind of error is a result either of entering an 
improper command or as a result of problems associated with 
reading, moving or storing data within the bridge. 

Measurement errors are listed separately in Table B-2 on 
page B-6 arranged by error code. Command/data errors are 
listed separately in Table B-3 on page B-8 and are also 
arranged by error code. 

Error vs. informative/Prompt Messages 

The first three tables in this appendix list error messages. 
Table B-4 on page B-10 lists some informative messages and 
prompts. Informative messages are only sent to the front 
panel display. These are often used to explain what the bridge 
is currently doing, especially for time consuming operations 
that give no other indication. Prompts tell you what to do 
next. Prompts for the TEST and CALIBRATE 3 commands 
are not included in this table. 


GRIB Status Bits 

Errors cause one (and only one) of three bits in the GPIB sta¬ 
tus byte to be set. These are the CME (CoMmand Error), 
EXE (Execution Error) and ONR (Oven Not Ready) error 
bits. Which of these bits is set by a given error is indicated in 
the first column of all tables in this appendix. See “STATUS 
REPORTING” on page 6-5 for more information about status 
bits. 

The Meaning of Measurement Errors 

When the AH 2500A senses that it cannot provide meaning¬ 
ful measurement values, it attempts to identify and report the 
nature of the problem in the form of one of about a dozen 
error messages. This is a difficult and imperfect process due 
to the poorly defined nature of some of the error conditions 
that can occur at the measurement terminals of the bridge. 
Thus the error messages will correctly describe the error con¬ 
dition most of the time, particularly if a well defined sample 
is present. The remainder of the time these messages may not 
al ways be helpful. The error messages are not intended to 
identify the nature of strange or unusual samples. 

Some measurement errors or conditions are reported to the 
front panel as a single letter which appears in the upper right 
comer of the display. These are shown in the tables here as a 
display filled with eights except for the upper right comer. 

Numeric Errors 

Another kind of error can occur when a number is generated 
that is too big to work with or to report. This can occur even 
when a valid measurement has been made. The cause is usu¬ 
ally the result of a division. This kind of error can easily 
occur when units of tan 6, Rp, Cg, and R s have been 
selected. Changing the units should convert the result to a 
reportable value. 

When an error of this type occurs, all nines are displayed in 
the upper and/or lower displays of the front panel. On a 
remote device, all nines will be reported in the mantissa of 
the number. 

Note that this error differs from that where a greater than 
symbol precedes the number. The greater than symbol indi¬ 
cates a range of values having a reported minimum absolute 
value and a maximum absolute value that is infinite. All nines 
indicates a single value that is too large to report. 


AH 2500A Capacitance Bridge 


Error Messages B-1 




Table B-l Error messages arranged alphabetically 


Error code Status bit 

Remote error message 

Front panel 
error message 

Explanation 

01 EXE 

AC ON L INPUT 


Too much externally generated noise with a frequency 
below 100 Hz is being sensed at the measurement terminals. 
This kind of noise is almost always caused by excess cou¬ 
pling to the AC power lines. See “Low Frequency Noise'’ on 
page 2-8. 

| R[ on L 

InPut ) 


18 EXE 

AMBIGUOUS WORD: 


Not enough letters were entered for this command to be dis¬ 
tinguishable from another, similar command. The question¬ 
able letters follow the error message as “ftftff'. This error 
cannot occur on the front panel. See “Command Word 

Entry” on page 6-3 or “Command Word Entry” on page 7-9. 

1 



19 CME 

BAD PARAMETER: BB 


A valid command was entered, but the parameter that fol¬ 
lowed was either of the wrong type (alpha vs. numeric) or it 
was out of range. 

bHd PRr 

1 ) 


20 CME 

BRD PR53C00E 


The passcode that was entered in response to the passcode 
prompt was not correct. If three incorrect passcodes are 
entered in a row, then all subsequent passcode entries will 
report this error until the bridge's power is cycled. 

( bfW ! 

| PHSSCOdE ) 


None 


This message will be briefly displayed when the front panel 
keypad buffer is full. This can occur when a number of 
commands are entered but are not able to be executed. This 
happens when these commands follow a non-query com¬ 
mand such as HOLD. 

( button ] 

| buF FULL ] 


21 CME 

CRL DATA ABSENT 


The command that was entered requires that new calibration 
data be present in RAM. The corresponding CALIBRATE 
command must be executed first. 

; CRL dRtA } 

j flbSEnt ] 


22 EXE 

CAL DATA ERROR: C 


A checksum error has occurred while reading the calibra¬ 
tion data from the EEPROM. C can be 0,1,2, or 3 for errors 
in the Original, Internal, Capacitance Update, or Trans¬ 
former Update sections of the EEPROM, respectively. If 
this error repeats on subsequent power-ons, see Table 11-19 
on page 11 -42 for repair information. 

[ CRL dRtR j 

[Error C 


03 EXE 

CAP TOO HIGH 


The capacitance of the unknown impedance exceeds the 
maximum that the AH 2500A can measure. The most posi¬ 
tive measurable capacitance is 1.2 pF. 

| CAP too 

HI OH 


04 EXE 

CAP TOO NEG 


The capacitance of the unknown impedance is more nega¬ 
tive than what the AH 2500A can measure. The most nega¬ 
tive measurable capacitance is -0.12 pF 

( CRP too 

f nEC 


26 CME 

CriD NOT OPERABLE 


The command that was entered is not compatible with the 
options present on this bridge or with the ROM version that 
is installed. This error also occurs if execution of a STORE 
command is attempted in a program or subprogram exe¬ 
cuted with a REPEAT or CONTINUOUS qualifier. 

[ End not j 

; OPErRbLE i 
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Table B-l Error messages arranged alphabetically 


Error code Status bit 

Remote error message 

05 EXE 


DC ON L INPUT 


27 EXE 

E 


28 EXE 

EEPROfl ERROR: HH 


Front panel 
error message 


Explanation 


[dc onL 
[ InPut 


There is an unallowable DC component to the voltage on 
the LOW terminal. If this voltage is supposed to be present, 
then the BIAS command can be used to block the DC com¬ 
ponent. 


( BBBBBBBE 


( EEPr afl 

[ Error HH 


An external-trigger overrun has occuired. The bridge 
received at least one external trigger pulse but no HOLD 0 
command was waiting for it. This can only occur when the 
trigbuf parameter associated with the HOLD SPECIAL 
command is zero. The “E” message is only reported follow¬ 
ing a measurement result. See “Handling Unexpected Trig¬ 
ger Pulses” on page 3-14. 

A checksum error has occurred while reading the EEPROM 
during power-on. If this repeats on subsequent power-ons, 
see Table 11-19 on page 11-42 for repair information. 


06 


ERRRTIC INPUT 


EXE 


f ~ErrRti c 
[ l nPub 


The software is unable to properly balance the bridge due to 
excess noise or a rapidly changing unknown sample. 


07 


EXCESS NOISE 


EXE 


f.ECCE55 

[ nos $e 


Too much externally generated noise with a frequency near 
1 kHz is being picked up at the measurement terminals. See 
“High Frequency Noise” on page 2-8. 


29 


09 


10 


31 


FILE NOT FOUND 


H TO GND SHORT 


H TO L SHORT 


CME 


( FILE not 
i Found 


A file number was entered that did not match any file num¬ 
ber in memory having the requested file type. Use the DIR 
command to see what files are in memory. See “WORKING 
WITH FILES” on page 3-8. 


EXE 


EXE 



H to L 

sh^nr 


The impedance between the HIGH terminal and ground is 
too low. Check that these terminals are not shorted together. 
Measurement results are still reported when this error 
occurs. The error is indicated on the front panel by showing 
an *‘H” in the upper right corner of the display. See “High to 
Ground Short” on page 2-9. 

The impedance between the HIGH and LOW terminals is 
very low. Check that these terminals are not shorted 
together. See “High to Low Shorts” on page 2-9. 


ILLEGRL U0RD: 


CME 


The command word that was entered is not one that is rec¬ 
ognized by the AH 2500A. This error cannot occur on the 
front panel. See “Command Word Entry” on page 6-3 or 
“Command Word Entry” on page 7-9. 
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Table B-l Error messages arranged alphabetically 


Error code 


Status bit 


Remote error message 


IHDETERfl 0FF3CRLE 


Front pane! 
error message 


OFFSCRLE 


Explanation 

The unknown impedance appeal's to be off-scale but is 
either so far off or so unusual that the nature of the off-scale 
condition is indeterminate. 


INT CRL FRILURE 


A hardware fault has caused the internal calibration proce- 
rTnFTfll | dure to fail. 


L TO GHD SHORT 


LINE TOO LONG 


The impedance between the LOW terminal and ground is 
too small. Check that these terminals are not shorted 
together. This error message will not appear unless the mea¬ 
surement begins with a cold start. See “Low to Ground 
Short” on page 2-9, 

The command message entered was too long. Command 
lines may not exceed 78 characters in length. 


LOSS TOO HI 


The loss of the unknown impedance exceeds the maximum 
that the AH 2500A can measure. The most positive measur¬ 
able conductance is 60,000 nS. 


LOSS TOO NEG 


_ The loss of the unknown impedance is more negative than 

LOSS Eaa ] what the AH 2500A can measure. The most: negative mea- 
Tiz r “ surable conductance is -6000 nS. 


OUT OF SPRCE 


The store command you attempted requires more memory 
than is available. To make more room, delete some parame¬ 
ter sets or some programs. 


PROG NEST ERROR 



3YNTRH ERROR: SSS 


SORERCS 


The oven containing the internal capacitance standard is not 
at its operating temperature. This error is shown on the front 
panel with the OVEN NOT READY indicator, Either the 
bridge has not warmed up yet or it is in an environment that 
is too hot or too cold. You can take measurements with this 
error, but they will be less accurate. 


A program tried to call a sub-program that was already 
nested to the maximum depth of eight. Don’t nest your pro¬ 
grams so deeply. Did a program call itself? See “Nesting 
Considerations” on page 3-11. 

The command that was entered may have used valid com¬ 
mand words, but either an expected word was not found or 
an unexpected word was found. The word “SSS” is where 
the problem occurred. If you are having trouble using the 
front panel, make sure it displays r E Fid El before you 
start entering a command. 
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Table B-l Error messages arranged alphabetically 


Error code Status bit 

Remote error message 

Front panel 
error message 

Explanation 

16 

T 


This single letter message, which is always preceded by a 
measurement result, indicates that the measurement was 
taken in tracking mode since the sample value was chang¬ 
ing. This is not an error; it is an indicator. See “Auto 
Switching to High Speed” on page 4-7. 

[ sseseeet ] 

[ BBBBSSBB ) 


37 EXE 

UPDATE STD ERROR 


The value entered for the external calibration capacitor is in 
disagreement with the original value by more than 0.01%. 
Either the incorrect value was entered, the calibration 
capacitor is seriously in error or the bridge needs repair. 

UPdb Std ] 

(Error ] 
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Table B-2 Measurement error messages arranged by error code 


Error code Status bit 

Remote error message 

01 EXE 


AC ON L INPUT 


03 EXE 

CftP TOO HIGH 


Front panel 
error message 


Explanation 


I AC on L 
h nPut " 


Too much externally generated noise with a frequency 
below 100 Hz is being sensed at the measurement terminals. 
This kind of noise is almost always caused by excess cou¬ 
pling to the AC power lines. See “Low Frequency Noise” on 
page 2-8. 


[HP boa 
Hi GH~ 


The capacitance of the unknown impedance exceeds the 
maximum that the AH 2500A can measure. The most posi¬ 
tive measurable capacitance is 1.2 |iF. 


04 


05 


06 


CAP TOO NEG 


DC ON L INPUT 


ERRATIC INPUT 


EXE 


L HP boa 
nEC i ' 


The capacitance of the unknown impedance is more nega¬ 
tive than what the AH 2500A can measure. The most nega¬ 
tive measurable capacitance is -0.12 pF 


EXE 


on 


i n 


Pub 


EXE 


[ ErrHb » 

[InPub 


i 

L 


c 


There is an unallowable DC component to the voltage on 
j the LOW terminal. If this voltage is supposed to be present, 
1 then the BIAS command can be used to block the DC com- 
^ ponent. 


The software is unable to properly balance the bridge due to 
J excess noise or a rapidly changing unknown sample. 


07 


EXCESS NOISE 


EXE 


( [-[[ESS 

( nu iSE 


Too much externally generated noise with a frequency near 
1 kHz is being picked up at the measurement terminals. See 
“High Frequency Noise” on page 2-8. 


09 


10 


11 


12 


H TO GND SHORT 


EXE 



The impedance between the HIGH terminal and ground is 
too low. Check that these terminals are not shorted together. 
Measurement results are still reported when this error 
occurs. The error is indicated on the front panel by showing 
an “H” in the upper right comer of the display. See “High to 
Ground Short” on page 2-9. 


EXE 


H TO L SHORT 


bo L 


Short 


EXE 

INQETERN 0FFSCRLE 


ndEEEr II 


0FFSCHLE 


The impedance between the HIGH and LOW terminals is 
very low. Check that these terminals are not shorted 
together. See “High to Low Shorts” on page 2-9. 


The unknown impedance appears to be off-scale but is 
either so far off or so unusual that the nature of the off-scale 
condition is indeterminate. 


EXE 


L TO GND SHORT 


5 h o r b 


The impedance between the LOW terminal and ground is 
too small. Check that these terminals are not shorted 
together. This error message will not appeal’ unless the mea¬ 
surement begins with a cold start. See “Low to Ground 
Short” on page 2-9. 
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Table B-2 Measurement error messages arranged by error code 


Error code Status bit 
Remote error message 


Front panel 
error message 


Explanation 


13 


LOS 


C 

■J 


TOO HIGH 


EXE 


[ L 055 Lao 
( HI CiH 


The loss of the unknown impedance exceeds the maximum 
that the AH 2500A can measure. The most positi ve measur¬ 
able conductance is 60,000 nS. 


14 


LOSS TOO HEG 


EXE 


L Q55 too 

n'EC 


The loss of the unknown impedance is more negative than 
what the AH 2500A can measure. The most negati ve mea¬ 
surable conductance is -6000 nS. 


15 


16 


OUEN 


T 


ONR 



The oven containing the internal capacitance standard is not 
at its operating temperature. This error is shown on the front 
panel with the OVEN NOT READY indicator. Either the 
bridge has not warmed up yet or it is in an environment that 
is too hot or too cold. You can take measurements with this 
error, but they will be less accurate. 


( BBBBBB b ~) 
[ BBBBBBBB | 


This single letter message, which is always preceded by a 
measurement result, indicates that the measurement was 
taken in tracking mode since the sample value was chang¬ 
ing. This is not an error; it is an indicator. See “Auto 
Switching to High Speed” on page 4-7. 
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Table B-3 Command and data error messages arranged by error code 


Error code Status bit 


Remote error message 


AMBIGUOUS WORD: BBB 


Front panel 
error message 


BAD PARAMETER : BB 


Explanation 

Not enough letters were entered for this command to be dis¬ 
tinguishable from another, similar command. The question¬ 
able letters follow the error message as “ fjRFT . This error 
cannot occur on the front panel. See “Command Word 
Entry” on page 6-3 or “Command Word Entry” on page 7-9. 


A valid command was entered, but the parameter that fol¬ 
lowed was either of the wrong type (alpha vs. numeric) or it 
was out of range. 


BAD PASSCODE 


bubt 


CAL DATA ABSENT 


The passcode that was entered in response to the passcode 
prompt was not correct. If three incorrect passcodes are 
entered in a row, then all subsequent passcode entries will 
report this error until the bridge's power is cycled. 

This message will be briefly displayed when the front panel 
keypad buffer is full. This can occur when a number of 
commands are entered but are not able to be executed. This 
happens when these commands follow a non-query com¬ 
mand such as HOLD. 

The command that was entered requires that new calibration 
data be present in RAM. The corresponding CALIBRATE 
command must be executed first. 


CAL DATA ERROR: C 


r r or l 


CMD HOT OPERABLE 


IJPErRbLE 



EEPROM ERROR: HH 


A checksum error has occurred while reading the calibra¬ 
tion data from the EEPROM. C can be 0,1, 2, or 3 for errors 
in the Original, Internal, Capacitance Update, or Trans¬ 
former Update sections of the EEPROM, respecti vely. If 
this error repeats on subsequent power-ons, see Table 11-19 
on page 11-42 for repair information. 

The command that was entered is not compatible with the 
options present on this bridge or with the ROM version that 
is installed. This error also occurs if execution of a STORE 
command is attempted in a program or subprogram exe¬ 
cuted with a REPEAT or CONTINUOUS qualifier. 


An external-trigger overrun has occurred. The bridge 
received at least one external trigger pulse but no HOLD 0 
command was waiting for it. This can only occur when the 
trigbuf parameter associated with the HOLD SPECIAL 
command is zero. The “E” message is only reported follow¬ 
ing a measurement result. See “Handling Unexpected Trig¬ 
ger Pulses” on page 3-14. 


A checksum error has occurred while reading the EEPROM 
at power-on. If this repeats on subsequent power-ons, see 
Table 11-19 on page 11-42 for repair information. 
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Table B-3 Command and data error messages arranged by error code 


Error code Status bit 
Remote error message 


Front panel 
error message 


Explanation 


29 CME 

FILE NOT FOUND 


( FILE nob 


hound 


A file number was entered that did not match any file num¬ 
ber in memory having the requested file type. Use the DIR 
command to see what files are in memory. See ‘‘WORKING 
WITH FILES” on page 3-8. 


31 CME 

ILLEGRL WORD: XXX 


The command word that was entered is not one that is rec¬ 
ognized by the AH 2500A. This error cannot occur on the 
front panel. See “Command Word Entry” on page 6-3 or 
“Command Word Entry” on page 7-9. 


32 EXE 

INT CRL FRILURE 


nt CRL 


A hardware fault has caused the internal calibration proce¬ 
dure to fail. 


FRI LurE 


33 EXE 

OUT OF SPRCE 


Out of 


OFFICE 


The store command you attempted requires more memory 
than is available. To make more room, delete some parame¬ 
ter sets or some programs. 


34 CME 

PROG NEST ERROR 


PrC n£5t 


rror 


A program tried to call a sub-program that was already 
nested to the maximum depth of eight. Don’t nest your pro¬ 
grams so deeply. Did a program call itself? See “Nesting 
Considerations” on page 3-11. 


35 CME 

SYNTAX ERROR: SSS 


5‘dlltRCS 


The command that was entered may have used valid com¬ 
mand words, but either an expected word was not found or 
an unexpected word was found. The word “SSS” is where 
the problem occurred. If you are having trouble using the 
front panel, make sure it displays r E Rd'd before you 
start entering a command. 


37 EXE 

UPDATE STD ERROR 


UPdt 5td 


E 


rror 


The value entered for the external calibration capacitor is in 
disagreement with the original value by more than 0.01%. 
Either the incorrect value was entered, the calibration 
capacitor is seriously in error or the bridge needs repair. 


38 CME 

LINE TOO LONG 


The command message entered was too long. Command 
lines may not exceed 78 characters in length. 
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Table B-4 Some informative messages and prompts arranged alphabetically 


Remote prompt 


Display message 


Meaning 


00 


No Error 


ARE YOU SURE? 


RrE you 


5 UrE 


Some commands ask this question before beginning an irre¬ 
versible operation such as erasing memory to confirm that 
you really want to perform the operation. Answer with a 
“Y” or a “1” if you want to continue. 


busy 


A measurement is in progress. See “Indication of Reference 
Result Mode” on page 5-3 and “Indication of Zero Result 
Mode” on page 5-5 for an explanation of the alternate forms 
of this message. 


CflL CODE> 


This is a prompt requesting entry of the Calibrator passcode. 


ERL EodE 


A calibration operation is in progress. 


ERLbrRbE 


busy 


DEVICE CLEAR operation has been executed. 


dEUI EE 


L L n nr 


EPl b Out 


buF Ful I 


The GPIB output buffer is full. This can only occur after a 
result has begun to be read by the GPIB controller or logger. 
If the controller or logger then reads no more of the result 
over a period of ten seconds then this message will appear 
on the front panel. It will go away if the controller or logger 
resumes reading the message. 


OCRL 


Lacout 


This message appears on the front panel display if the 
[local j key has been pressed but a remote device has 
locked out the other channels. 


DNR CODE> 


This is a prompt requesting entry of the Owner passcode. 


i n r l o i 


PftSSCQDE > 


PRSSEOdE 


Any attempt to permanently change the calibration of the 
bridge requires that a passcode be entered. This message is 
the prompt that requests that code. 


RPL CODE > 


This is a prompt requesting entry of the Replace passcode. 


r Pi EodE 


U3R CODE> 


This is a prompt requesting entry of the User passcode. 


U 5 r L a d E 
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Performance Specifications 


INTERPRETING THE 
SPECIFICATIONS 

The performance specifications of the AH 2500A are given in 
the form of a fairly complicated set of equations. These equa¬ 
tions, taken by themselves, are not easy to interpret. How¬ 
ever, they do provide specifications that are an unusually 
precise description of an electronic instrument. 

To more easily interpret these equations, each of them has 
been converted to two contour plot graphs which constitute 
the body of this appendix. These are explained later in 
“CONTOUR PLOT SPECIFICATIONS” on page C-7. 

Notation 

The specifications are grouped according to whether the 
unknown is modeled as a resistor in parallel with a capacitor 
or in series with it. 

Parallel: 

“C” is the value of the unknown (parallel) capacitance 
in picofarads (pF= 10~ l2 F). Also used are attofar- 
ads (aF ~ 10" 6 pF) and microfarads (pF = I0 6 pF). 

“G” is the value of the unknown loss expressed as a 
conductance in nanosiemens (nS = 10' 9 S). 

“D” is the value of the unknown loss expressed as a dis¬ 
sipation factor (tan 5). D has no units. 

“Rp” is the value of the unknown loss expressed as a 
parallel resistance in gigohms (GO: - 10 9 0). 

Series: 

“C s ” is the value of the unknown series capacitance in 
picofarads (pF = 10" 12 F). 

“R s ” is the value of the unknown loss expressed as a 
series resistance in kilohms (kO - 10 3 Q). 

Misc.: 

“t b ” is the minimum selectable time between consecu¬ 
tive measurements in seconds. 

“V” is the AC test signal voltage in volts applied across 
the unknown. You may select its upper limit to 
have any value listed in the AC Test Signal Volt¬ 
ages table. 

“ppm.” means Parts Per Million. 


The Meaning of the Uncertainties 

The expressions on the following pages for accuracy, linear¬ 
ity, stability, resolution, and temperature coefficient give 
absolute rather than statistical uncertainties. Absolute uncer¬ 
tainties are the most conservative of those in common use. 
Andeen-Hagerling, Inc. guarantees repair within the war¬ 
ranty period of any AH 2500A whose measured errors 
repeatedly exceed these uncertainties. 

Evaluation of Expressions 

The expressions may be evaluated for particular values of 
capacitance (C or C$), loss (G, D, R P or R s ), test voltage (V), 
and measurement time (t). Only the resolution expressions 
contain the measurement time. However, the other uncer¬ 
tainty expressions assume that the measurement time has 
been set to be long enough so that these other uncertainties 
are not limited by the resolution specification. In other words, 
specifications such as accuracy may be limited by the resolu¬ 
tion rather than the accuracy expression if the measurement 
time is set too short. 

Most of the uncertainty expressions can be evaluated by 
direct substitution of the values of capacitance, loss and volt¬ 
age as if they were read directly from, the AH 2500A. The 
bridge reports these values in the units given in the notation 
section above. Some expressions also require the dissipation 
factor, D, which, if it is not directly available, can be calcu¬ 
lated using one of the following relations: 

D = G/2xcC, D = l/2jtCR P or D = 2rex 10" 6 C s R s 

For low values of capacitance and loss, the maximum allow¬ 
able test voltage that you set (usually 15 volts) can be substi¬ 
tuted for every occurrence of V in the uncertainty 
expressions. For larger values of capacitance and loss, if the 
voltage value is not read from a bridge, then the value of V 
automatically chosen by the AH 2500A must be determined 
from the AC Test Signal Voltages table. 

The following equations may be used to convert to the units 
of C and G used in the table from units other than those used 
in the table. 

Given units of: D use G = 2 jiCD 
R P G = i/Rp 

R s G = 27tC s D/(l+D 2 ) 

C s C = C s /(1+D 2 ) 

Accuracy, stability, linearity and resolution specifications 
assume a recent internal calibration at the operating tempera¬ 
ture. 
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RANGE* 

Parallel: 

C: -0.0012/|D| jxF to +0.012/|D| pF for D > 0.01 
-0.12 |i.F to +1.2 jxF for -0.001 < D < 0.01 
-0.12 (iF to +0.0012/|Dj fiF for -0.1 < D < -0.001 
-0.012/|D | (xF to +0.0012/jD | (iF for D < -0.1 
The capacitance range is also shown 
graphically in Figure C-l. 

G: -6000 nS to+60 000 nS 

C-2 Performance Specifications 


D: See Figure C~ 1. 

R P : -1.7xl0 ~ 4 GO to -1.7xl0 6 GO 
and +1.7xl0 * 5 GO to +1.7xl0 6 GO 

Series: 

C 5 : See Figure C-2. 

R s : See Figure C-2. 

*The ranges of all measurable variables except R P cover a 
region defined by negative numbers for the lower limit and 
positive numbers for the upper limit. This is due to the 
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Figure C-2 Range of series resistance vs. series capacitance 


The values of C s and R s are measurable in the six 
shaded regions above. In five of these regions, one or 
both of the measured values are too large to report on the 
bridge’s display. In three of these five regions, one or 
both values are also too large to send to any remote 
devices. The table at the right shows what can be 
reported in each region. A “Display” entry means that the 
result can be shown on the bridge’s display. A “Remotes” 
entry means that the result can be reported to an RS-232 
or IEEE-488 device. 


C S 

I Display & Remotes 

II Display & Remotes 

III Display & Remotes 

IV Remotes only 

V* Neither 

VI* Neither 

‘Regions V and VI extend to infinity to the right and left 
because the resistance associated with an infinite C s is 
measurable even though C s itself is not reportable. 


R s 

Display & Remotes 
Remotes only 
Neither 

Display & Remotes 
Display & Remotes 
Remotes only 
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AH 2500A's ability to measure both positive and negative 
values of capacitance and loss. Other instruments which only 
measure positi ve values have ranges which cover a region 
defined by small positive numbers for the lower limits to 
large positive numbers for the upper limits. For the AH 
2500A, the small numbers which correspond to the lower 
limits of other instruments are given by the AH 2500A‘s reso¬ 
lution specifications in absolute units. 

MEASUREMENT TIME 

The time required to take a measurement is t b = 0.05x2 T sec¬ 
onds where T is an integer that you select which can range 
from 0 to 15. (T is the averexp parameter in the AVERAGE 
command. The first measurement on a given unknown 
requires a minimum of 1/2 second.) 

REPORTING LIMITATIONS 

Front Panel Display Limitations 

This specification results from the fact that the front panel 
display may further limit the range and resolution of the 
capacitance and loss. 

Capacitance: 

0.1 aF is the best display resolution for C and C$. 

Loss: 

G: 10‘ 7 nS is the best conductance display resolution. 

D: FT 7 is the best dissipation display resolution. 

10' 7 kQ is the best series resistance display 
resolution. 

Rp: 10' 7 GQ is the best parallel resistance display 
resolution. 

Remote Device Reporting Limitations 

Capacitance: 

0.01 aF is the best resolution for C and C<j. 

Loss: 

G: I0“ 8 nS is the best conductance resolution. 

D: 10' 8 is the best dissipation resolution. 

R s : 10' 7 kQ is the best series resistance resolution. 

R P : l O' 8 GQ is the best parallel resistance resolution. 


C-4 


NON-OPTION-E SPECIFICATIONS 
OF PRECISION 

Resolution 

Resolution is the smallest statistically repeatable difference 
in readings that is guaranteed to be measurable at every 
capacitance or loss value. Useful resolution is typically a fac¬ 
tor of ten better. 

The resolution performance is expressed below in two ways. 
The first group of specifications is expressed in absolute 
units. The second expresses the resolution as a fraction of the 
reported number. 

Resolution in Absolute Units 

Parallel: 

C: {0.15C + 50DC + [7.5(l+n c ) + n v C]/V}xlO' 6 pF 

G: {50G + C + 5x10' 5 C 2 

+ [50(1+n c ) + 6n v C]/V) xlO' 6 nS 

D: {8xiO' 6 C + (1 +D 2 ) 1/2 [0.15 + 50D 

+ (7.5(1+n c )/C + n v )/V]}xlO' 6 

R P : R P {50 + Rp[C + 5xlO' 5 C 2 

+ (50(l+nc) + 6n v C)/V]} xlO' 6 GQ 

Series: 

C s : {0.15 + 50D + [7.5(l+n c )(l+D 2 )/C s 

+ n v ]/V}C s xlO' 6 pF 

R s : {1.3 + 50R S + [0.15 + [7.5(l+n c )(l+D 2 )/C s 

+ n v ]/V]R s /D}xlO' 6 kQ 

where n c = 1.4t' 1/2 and n v = 0.01(R s +10) I/2 (l+D 2 ) 1/2 f 1/2 . 

t = t b except when t b = 0.05 in which case t = t b /4. 

The series resistance R s may be calculated for the parallel 
expressions using R s = 1.6xl0 5 D/C(l+D 2 ). 

Resolution in ppm 

Parallel: 

C: 0.15 + 50D + [7.5( l+n c )/C + n v ]/V 

G: 50 + {C + 5x 10‘ 5 C 2 + [50(l+n c ) + 6n v C]/V}/G 

D: { 8x 10" 6 C + (l.+D 2 ) 1/2 [0.15 + 50D 

+ (7.5(1+n c )/C+ n v )/V]}/D 

R P : 50 + R P {C + 5xl0” 5 C 2 + [50(l+n c ) + 6n v C]/V} 
Series: 

C s : 0.15 + 50D + [7.5(1 +n c )(l+D 2 )/C s + n v ]/V 

R s : 1.3/R S + 50 + {0.15 + [7.5(1 ,+n c )(l+D 2 )/C s 

+ n v ]/V}/D 
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Non-linearity 


Accuracy 


The accuracy following a calibration is given in ppm. 
Parallel: 

C: ±{5 + 200D + (0.2 + 7.5/C)/V} 

G: ±{ 200 + [ 13C + 0.002C 2 + (45 + 0.12Q/VJ/G) 

D: ±{2 + 3x10‘ 4 C + (1+D 2 ) I/2 [200D 

+ (0.02 + 7.5/C)/V]}/D 

Rp: ±(200 + [13C + 0.002C 2 + (45 + 0.12C)/V]R P } 
Series: 

C s : ±{5 + 200D + (0.2 + 7.5(1+D 2 )/C S ]/V) 

R s : ±{200 + 50/R s + [2 + (0.02 + 7.5(1+D 2 )/C S )/V]/D[ 

The length of the cables connecting the AH 2500A to the 
capacitance being measured has a negligible effect on the 
accuracy for small capacitances. This assumes that the coax¬ 
ial shield on these cables has 100% coverage. If uncorrected 
by the CABLE command, cables similar to RG-58 will 
increase the capacitance readings by about 40 ppm per meter 
of cable pair and per pF of capacitance being measured. 

The accuracy Y years following calibration may be calcu¬ 
lated from the expression A + YS where A is the desired 
accuracy expression from above and S is the corresponding 
stability per year below. 


Stability 

The stability is given in ppm per year. 

Parallel: 

C: ±{ 1 + 30D + (0.01 + 2.5/Q/V} 

G: ± {30 + [2C + 3x10' 4 C 2 + (15 + 0.06Q/V ]/G} 

D: ±{0.3 + 5xl0~ 5 C + (1+D 2 ) 1/2 [30D 

+ (0.01 + 2.5/C)/V]}/D 

R P : ±{30 + [2C + 3xl0~ 4 C 2 + (15 + 0.06C)/V]R P } 
Series: 

C s : ±{ l + 30D + (0.01 + 2.5(1+D 2 )/C S )/V} 


Non-linearity is the deviation from a best fit straight line 
through a plot of the measured quantity versus the actual 
quantity. The test signal voltage is assumed to be constant. 
The non-linearity is given in ppm. 

Parallel: 

C: ±{0.15 + 50D + 7.5/CV + 15xl0' 6 CJ 
G: ±{50 + [C + 5xl0‘ s C 2 + 50/VJ/G) 

D: ±{8x10' 6 C + (1+D 2 ) 1/2 [0.15 + 50D + 7.5/CV])/D 
R P : ±{50 + R P |.C + 5x10" 5 C 2 + 50/V]} 

Series: 

C s : ±{0.1.5 + 50D + 7.5(1+D 2 )/C S V 

+ 15xl0' 6 C s /(l+D 2 ) 

R s : ±{ 1.3/Rg + 50 + [0.15 + 7.5(1+D 2 )/C S V]/D) 


Temperature Sensitivity 


The temperature coefficient relative to a change in 
ambient temperature is given in ppm per °C. 

Parallel: 

C: ±{0.025 + 30D + 0.002/V + 15/(0.15 + CV)} 

G: ±{30 + [0.2 + 2xl0' 5 C + 0.012/VjC/G 

+ 100/(1 +GV)} 

D: ±{ [0.03 + 3x10' 6 C + (1 +D 2 ) 1/2 (30D + 0.002/V)]/D 
+ 15/(0.15 + CV) + 15/(0.15 + CDV)} 
R P : ±{30 + [0.2 + 2x10‘ 5 C + 0.012/V]CR P 

+ 100/(1 +V/R P )} 


Series: 

C s : ±{0.025 + 30D + 0.002/V + 100/[1 

+ 6C s V/(i+D 2 )]} 

R s : ±{30 + 0.5/R s + (0.03 + 0.002/V)/D 
+ 30/[0.15(l+D 2 ) + C S V] 

+ 100/[1 + 10 6 VD 2 /(1+D 2 )R s ]} 


R s : ±{30 + 8/R s + [0.3 + (0.01 + 2.5(1+D 2 )/C s )/V]/D) 
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Power Line Sensitivity 

The sensitivity to changes in the power line voltage is given 
in ppm. 

Capacitance: 

± 0.002 ppm per 1% change in line voltage 


Loss: 


Not measurable 


OPTION-E SPECIFICATIONS 



The AH 2500A with Option E enhances the precision of the 
bridge. These enhanced specifications are listed below. All 
other specifications remain unchanged. Notes related to the 
specifications below may be found in the specifications for 
the standard version of the bridge on the previous pages. 


Resolution 


TEST SIGNAL VOLTAGES 

Any voltage listed below may be selected. The capacitance 
and loss ranges measurable at the selected voltage are shown. 
The AH 2500A will automatically use the lesser of your 
selected voltage or the highest voltage listed in the table 
which provides sufficient range to be able to measure the 
capacitance and loss of the unknown. The voltages listed 
have tolerances of ±5% 


Table C-l Capacitance and loss ranges for the 
available limiting voltages. 


Limit 

(volts) 

Capacitance 
Range (pF) 

Loss Range 
(nS) 

From 

To 

From 

To 

15.00 

-8 

+80 

-0.4 

+4 

7.50 

-16 

+160 

-0.8 

+8 

3.75 

-16 

+160 

-0.8 

+8 

3.00 

-40 

+400 

-2 

+20 

1.50 

-80 

+800 

-4 

+40 

0.750 

-160 

+ 1600 

-8 

+80 

0.375 

-160 

+1600 

-8 

+80 

0.250 

-480 

+4800 

-24 

+240 

0.125 

-480 

+4800 

-24 

+240 

0.100 

-1200 

+12 000 

-60 

+600 

0.050 

-1200 

+ 12000 

-60 

+600 

0.030 

-4000 

+40000 

-200 

+2000 

0.015 

-4000 

+40000 

-200 

+2000 

0.010 

-12000 

+ 120000 

-600 

+6000 

0.0050 

-12000 

+ 120000 

-600 

+6000 

0.0030 

-40000 

+400000 

-2000 

+20000 

0.0015 

-40000 

+400000 

-2000 

+20000 

0.0010 

-120000 

+1200000 

-6000 

+60000 

0.0005 

-120000 

+1200000 

+6000 

+60000 


Resolution In Absolute Units 

Parallel: 

C: (0.07C + 20DC + (7.5(l+n c ) + n v C)/V}xl0' 6 pF 
G: (20G + 0.4C + 5xl0" 5 C 2 

+ (50(1+n c ) + 6n v C)/V}xl0" 6 nS 

D: {8x 10' 6 C + (l+D 2 ) 1/2 [0.07 + 20D 

+ (7.5(l+n c )/C + n v )/V]}xi0' 6 

R P : R P {20 + R P [0.4C + 5xl0~ 5 C 2 

+ (50(1+n c ) + 6n v C)/V]}xl0" 6 GO 

Series: 

CV: (0.07 + 20D + [7.5(1+n r )(l+D 2 )/C s 
+ n v ]/V}C s xi(r 6 pF 

R s : {1.3 + 20R S + (0.07 + [7.5(1+n c )(l+D 2 )/C s 
+ n v ]/V}R s /D}xl0‘ 6 kQ 

Resolution in ppm 

Parallel: 

C: 0.07 + 20D + [7.5(l+n c )/C + n v ]/V 

G: 20 + [0.4C + 5xl0" 5 C 2 + [50(l+n c ) + 6n v C]/V}/G 

D: {8x 10' 6 C + (1+D 2 ) 1 /2 [0.07 + 20D 

+ (7.5(l+n c )/C + n v )/Vj)/D 

R P : 20 + Rp{0.4C + 5xl0‘ 5 C 2 + [50(l+n c ) + 6n v C]/V} 
Series: 

C s : 0.07 + 20D + [7.5(l+n c )(l+D 2 )/C s + n v ]/V 
R s : 1.3/R S + 20 + [0.07 + [7.5(1+n c )(l+D 2 )/C s 

+ n v ]/V}/D 

Non-linearity 

Non-linearity is the deviation from a best fit straight line 
through a plot of the measured quantity versus the actual 
quantity. The test signal voltage is assumed to be constant. 
The non-linearity is given in ppm. 

Parallel: 

C: ±{0.07 + 20D + 7.5/CV + 5xl0" 6 C) 

G: ±{20 +[0.4C + 5xl0~ 5 C 2 + 50/V]/G} 

D: ±{8xl0” 6 C + (l+D 2 ) l/2 [0.07 + 20D + 7.5/CV]}/D 
R P : ±{ 20 + R P [0.4C + 5xl0‘ 5 C 2 + 50/V]} 
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Series: 

C s : ±{0.07 + 20D + 7.5(I+D 2 )/C S V 

+ 5x10' 6 C s /(1+D 2 )} 

R s : +{ L3/R s + 20 + [0.07 + 7.5(1+D 2 )/C S V]/D| 

Accuracy 

The accuracy following a calibration is given in ppm. 
Parallel: 

C: ±{3 + 100D + (0.01 + 7.5/C)/V} 

G: ±{ 100 + [13C + 0.002C 2 + (45 + 0.06C)/V]/G} 

D: ±{ 2 + 3x!0' 4 C + (1 +D 2 ) 1/2 [100D 

+ (0.01 + 7.5/C)/V] }/D 

R P : ±{ 100 + [13C + 0.002C 2 + (45 + 0.06C)/VJR P } 
Series: 

C s : ±{3 + 100D + [0.01 + 7.5(1+D 2 )/C S ]/V} 

R s : ±{ 100 + 50/R s + [2 + (0.01 + 7.5(1+D 2 )/C S )/V]/D} 

Stabiiity 

The stability is given in ppm per year. 

Parallel: 

C: ±{0.5 + 20D + (0.003 + 2.5/Q/V} 

G: ± {20 + [2C + 2x10‘ 4 C 2 + (15 + 0.02C)/V]/G} 

D: ±{0.3 + 3x10' 5 C + (1+D 2 ) I/2 [20D 

+ (0.003 + 2.5/C)/V]}/D 
R P : ±{20 + [2C + 2xl0“ 4 C 2 + (15 + 0.02C)/V]R P } 

Series: 

C s : ±{0.5 + 20D + [0.003 + 2.5(1+D 2 )/C S ]/V} 

R s : ±{20 + 5/R s + [0.3 + [0.003 

+ 2.5(1 +D 2 )/C s ]/V]/D} 

Temperature Sensitivity 

The temperature coefficient relative to a change in 
ambient temperature is given in ppm per °C. 

Parallel: 

C: ± {0.008 + 10D + 0.001/V + 2/(0.15 + CV)} 

G: ±{ 10 + [0.2 + 2x10" 5 C + 0.006/V]C/G 

+ 15/(1 +GV)} 

D: ±{[0.03 + 3x 10' 6 C + (l+D 2 ) !/2 (!0D + 0.001/V)]/D 
+ 2(0.15 + CV) + 2/(0.15 + CD V)} 

R P : ±{ 10 + [0.2 + 2xI0‘ 5 C + 0.006/V]CR P 

+ 15/(1+V/R P )} 

Series: 

C s : ±{0.008 + 10D + 0.001/V + 15/[1 + 6C S V/(1+D 2 )]} 

R s : ±{ 10 + 0.5/R s + (0.03 + 0.0()!/V)/D 
+ 4/[0.15(l+D 2 ) + C s V] 

+ 15/[1 + 10 6 VD 2 /(1+D 2 )R S ]} 


CONTOUR PLOT SPECIFICATIONS 

The following thirty pages contain an elaboration of the non- 
option-E specification-of-precision expressions presented in 
the previous pages. Each expression is represented by two 
contour plots. One kind of plot shows contours of the expres¬ 
sion for a set of fixed uncertainty values but always using the 
maximum allowable signal voltage which is automatically 
chosen by the bridge. These contours are not smooth every¬ 
where; features resembling steps are common in them. These 
steps occur where the bridge changes the test signal voltage 
so that it is always at a maximum. 

The other kind of plot shows contours for a single value of 
uncertainty but using the set of every primary voltage that the 
bridge can be set to. Each contour in this kind of graph has a 
unique pattern that is used to identify the voltage of the test 
signal. A legend that associates each pattern with its voltage 
appears to the right of the graph. 

The relationship between the two kinds of graphs is more 
easily understood by looking at an example. Compare 
Figure C-7 on page C-10 with Figure C-8 on page C-10. 
More specifically, compare the 0.03% contour of the first 
graph with all the contours of the second graph. Notice that 
all the contours of the second graph have an accuracy of 
0.03%. You can see that the 0.03% contour of the first graph 
follows the outermost perimeter of the sum of all. the con¬ 
tours in the second graph. This occurs because the bridge 
automatically chooses its test voltages so as to cover the wid¬ 
est possible range for a given accuracy. 

The darkly shaded regions on the graphs show the limits of 
the AH 2500A's range. Unless otherwise noted, the more 
lightly shaded regions with Roman numeral labels corre¬ 
spond to similarly labeled regions in Figure C-2 on page C-3. 
This is the graph showing the range of series resistance vs. 
series capacitance. 

Below each graph is the mathematical expression which was 
used to create it. Each of these expressions is mathematically 
identical to the non-option-E expressions given earlier in this 
appendix. However, each expression is expanded from its 
single-line format so that it is much easier to read. Plotting 
was done with n c and n v equal to zero which closely approx¬ 
imates setting the averaging time exponent to seven or 
higher. 

Each graph typically took hours to calculate using a custom- 
written program running under MatLab software on a Macin¬ 
tosh computer. Another, more popularized piece of software, 
took days instead of hours to finish and was therefore 
rejected for this application. MatLab produced a PostScript 
result which was then edited using Adobe Illustrator soft¬ 
ware. 
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Figure C-4 Accuracy of C vs. C and G using selected voltages. 
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Figure C-3 Accuracy of C vs. C and G using maximum voltages. 
















G (nS) 



C (pF) 


Figure C-5 Accuracy of G vs. C and G using maximum voltages 



Figure C-6 Accuracy of G vs. C and G using selected voltages. 
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Figure C-9 Accuracy of R p vs. C and R p using maximum voltages 
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Figure C-10 Accuracy of R p vs. C and R p using selected voltages. 
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Figure C-13 Accuracy of R s vs. C s and R s using maximum voltages 
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Figure €-14 Accuracy of R s vs. C s and R s using selected voltages. 
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Figure C-16 Non-linearity of C vs. C and G using selected voltages. 


±j~0.15 + 50D + + 15xl0~ 6 C 


Eq. C-7 


C-14 Performance Specifications 


AH 2500A Capacitance Bridge 






























C (pF) 


Figure C-17 Non-linearity of G vs. C and G using maximum voltages. 
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Figure €-18 Non-linearity of G vs. C and G using selected voltages. 
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Figure C-19 Non-linearity of D vs. C and D using maximum voltages 
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Figure C-20 Non-linearity of D vs. C and D using selected voltages. 
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Figure C-21 Non-iinearity of R p vs. C and R p using maximum voltages. 
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Figure C-22 Non-linearity of R p vs. C and R p using selected voltages. 
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Figure C-26 Non-linearity of R s vs. C s and R s using selected voltages. 
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Figure 027 Resolution of C vs. C and G using maximum voltages. 


Resolution represented by 
each contour is 0:001 % 


0.003 Volt 


10 1U 


1 10 10 10 10 10 1U 


C(pF 


Figure C-28 Resolution of C vs. C and G using selected voltages 
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Figure 029 Resolution of G vs. C and G using maximum voltages. 



Figure €-30 Resolution of G vs. C and G using selected voltages. 
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Figure C-31 Resolution of D vs. C and D using maximum voltages. 
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Figure C-32 Resolution of D vs. C and D using selected voltages. 
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Figure C-33 Resolution of R p vs. C and R p using maximum voltages. 



Figure 034 Resolution of R p vs. C and R p using selected voltages. 
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Figure C-37 Resolution of R s vs. C s and R s using maximum voltages. 



C s (pF) 


Figure C-38 Resolution of R s vs. C s and R s using selected voltages. 
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Figure 039 Stability per year of C vs. C and G using maximum voltages. 
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Figure C-40 Stability per year of C vs, C and G using selected voltages. 
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Figure C-41 Stability per year of G vs. C and G using maximum voltages. 
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Figure C-42 Stability per year of G vs. C and G using selected voltages. 
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Figure C-44 Stability per year of D vs. C and D using selected voltages. 
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Figure C-43 Stability per year of D vs. C and D using maximum voltages. 
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C-45 Stability per year of R p vs. C and R p using maximum voltages. 
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Figure C-49 Stability per year of R s vs. C s and R s using maximum voltages. 



Figure C-50 Stability per year of R s vs. C s and R s using selected voltages. 
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Figure C-51 Temperature coefficient of C vs. C and G using maximum voltages. 
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Figure C-52 Temperature coefficient of C vs. C and G using selected voltages. 
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Figure C-53 Temperature coefficient of G vs. C and G using maximum voltages. 
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Figure €-54 Temperature coefficient of G vs. C and G using selected voltages. 
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Figure 055 Temperature coefficient of D vs. C and D using maximum voltages. 
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Figure 056 Temperature coefficient of D vs. C and D using selected voltages. 
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Figure C-60 Temperature coefficient of C s vs. C s and R s using selected voltages. 
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Figure C-61 Temperature coefficient of R s vs. C s and R s using maximum voltages. 
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Figure C-62 Temperature coefficient of R s vs. C s and R s using selected voltages. 
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The AH 2500A incorporates a connector on its rear panel that 
is intended to provide signals to control an external coaxial 
switch. Such a switch is useful for selecting among several 
unknown samples. An AH 2500A command is provided to 
allow program control of such a switch. 

At the time of publication of this manual, Andeen-Hagerling 
does not manufacture a sample switch. However, such a 
product is planned. If you are interested, watch for announce¬ 
ments. 

In the meantime, the sample switch port can be used to con¬ 
trol sample switches of your own design. It is also not diffi¬ 
cult to build an interface to commercially available products 
if you have some electronics experience. 

Basic Operation 

The sample switch port is a parallel port with eight data lines 
and a strobe line. These lines use RS-232 drivers that produce 
±12 volt signal levels. Five power lines are also present. 
These can provide up to 100 mA of current to external 
devices. The two 24 volt power supplies are unregulated. The 
other three supplies are well regulated. 

The eight data lines are decoded so that only one line is true 
at a time. The lines are high-true which means that one line 
will always produce +12 volts and all the rest will produce 
-12 volts. These data lines can be connected directly to non¬ 
inverting relay driver circuits with no further decoding or 
other logic. This allows one of up to eight relays to be selec¬ 
tively closed. 

Connector Description 

The connector on the backpanel is a fifteen pin female “D” 
style. The pinout of this connector is given in Table D-l. 

Selecting a Sample Switch Position 

The data line that is true is selected with the following com¬ 
mand: 

SAMPLE number 

The number parameter specifies the sample to be measured. 

It can have any value from 1 to 64, however, values of this 
parameter larger than eight will cause all sample switch data 
lines to be false. Values from one to eight will cause one of 
tiie eight sample switch data lines to be true. The number of 
the selected sample switch signal name is one less than the 
value of the number parameter. These values are listed in 


Table D-l Sample switch connector pinouts 


Pin 

No. 

Signal 

Name 

Signal 

Description 

True for 
number 

1 

SD0 

Sample Switch Data 0 

1 

2 

SD2 

Sample Switch Data 2 

3 

3 

SD4 

Sample Switch Data 4 

5 

4 

SD6 

Sample Switch Data 6 

7 

5 

GND 

Ground 


6 

+5V 

+5 Volt Power 


7 

+24V 

+24 Volt Power 


8 

+12V 

+12 Volt Power 


9 

SD1 

Sample Switch Data 1 

2 

10 

SD3 

Sample Switch Data 3 

4 

11 

SD5 

Sample Switch Data 5 

6 

12 

SD7 

Sample Switch Data 7 

8 

13 

SC 

Sample Switch Data Valid 


14 

-12V 

-12 Volt Power 


15 

-24V 

-24 Volt Power 



Table D-l. The default value of the sample switch number 
parameter stored in the BASIC 0 parameter file is I. 


The utility of the SAMPLE command may be greatly 
enhanced when used with the AH 2500A’s PROGRAM fea¬ 
tures. Obviously, the SAMPLE command is also useful when 
incorporated into programs run on remote controllers. 

Signal Timing 

The sample switch port has two timing issues. One is the tim¬ 
ing of the strobe line relative to the data lines. The other is 
amount of time to wait after changing the sample switch set¬ 
ting before taking a measurement. This is called the settling 
time. 

The Strobe Line Timing 

If the sample switch data lines directly control relay driver 
circuits with no logic in between, then the Sample Switch 
Data Valid line will not be used. On the other hand, if the data 
from the sample switch data lines is to be externally latched, 
then the Sample Switch Data Valid line will be required to 
strobe the latch. 


AH 2500A Capacitance Bridge 


Sample Switch Port D-1 








The Data Valid line is true when the sample switch data is 
stable and false when it may not be. The Data Valid line goes 
false (-12V) 250 microseconds before the data lines change. 
It goes true again (+12V) 250 microseconds after they 
change. If the data is to be strobed into a latch, this would 
normally be done by using the false-to-true transition of the 
Data Valid line. 

Changing the Settling Time 

A time delay can be specified that automatically occurs after 
each execution of the SAMPLE command. This provides a 
settling time for sample switch relays to stabilize after being 
switched. The syntax of the command that specifies this 
delay is: 

SAMPLE HOLD delay 

This delay parameter is entered in seconds to the nearest hun¬ 
dredth. 

The SAMPLE command will not finish until the delay time 
has expired. This holds off any further operations. 

The delay time is the same no matter what sample number 
has been selected. If some samples require a longer settling 
time than others, additional settling time can be provided by 
executing the HOLD command after executing the SAMPLE 
command for the slower samples. 

If the SAMPLE command is executed with a long delay 
time, you must wait for this time to elapse or abort the 
SAMPLE command with a DEVICE CLEAR command. 

The default value of the sample switch delay parameter 
stored in the BASIC 0 parameter file is 0.0 seconds. 
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This appendix is reserved for options that will become avail¬ 
able for the AH 2500A. 
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